


TRANSACTIONS

OF THE (/‘/ £ 2(3 .
AMERICAN INSTITUTE

ELECTRICAL ENGINEERS,

¢

- VOL. XV

PUBLISHED BY
Tre AMERICAN InstiTute oF Erkcrricar ENGINEERs,

26 CORTLANDT STREET,
NEW YORK CITY, U. S. A.
1900,



Copyright 1899
by the
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS.

Mcltroy & EMMET, Steam Printers,

106 & 108 Liberty St., New York.



OFFICERS AND MEMBERS OF THE COUNCIL.

N - 1899-1900.

PRESIDENT:

Dr. A. E. KENNELLY,
Term expires 1900.

PAST-PRESIDENTS :
' Da. NORVIN GREEN, 188456.  Pror. W. A. ANTHONY, 1390-91.

FRANKLIN L. POPE, 1886-7. ALEX. GRAHAM BELL, 1891-2,
T. COMMERFORD MARTIN, 1887-8. FRANK J. SPRAGUE, 1892-98.
EDWARD WESTON, 1888-9. Dr. EDWIN J.HOUSTON, 1893-4-5

Pror. ELIHU THOMSON, 1889-80. Dr. LOUIS DUNCAN, 1895-6-7.
Dr. FRANCIS B. CROCKER, 1897-8.

YICE-PRESIDENTS:

Terms expire 1900, Terms expire 1901.
Pror. ROBERT B. OWENS, JOHN W. LIEB, Jr.,
WILLIAM STANLEY, CHARLES F. 8COTT,
Dr. CARY T. HUTCHINSON. L. B. STILLWELL,

MANAGERS :

Terms expire 1900.

Dr. ALEXANDER MACFARLANE, Dr. F. A. C. PERRINE,
GANO 8. DUNN, HERBERT LAWS WERBB,

Terms expire 1901,

HERBERT LLOYD, GEORGE F. SEVER,
Dr. SAMUEL SHELDON, CHARLES P. STEINMETZ,

Terms expire 1902,

CHARLES S. BRADLEY, WILLIAM D. WEAVER,
Dr. MICHAEL I. PUPIN, C. 0. MAILLOUX.

Terms expire 1900.
TREASURER: SBECRETARY:

GEORGE A. HAMILTON, RALPH W. POPE,
463 West Street, New York. 26 Cortlandt 8t., New York.

Board of Examiners:

WILLIAM MAVER, J&., Chairman.
WM. S. BARSTOW, CHAS. L. CLARKE. .
ROBERT N. BAYLIS, TOWNSEND WOLCOTIT,




STANDING COMMITTEES APPOINTED BY DIRECTION
OF COUNCIL. '

BExecutive Committee:
Dr. A. E. KENNELLV Chai
GANO S. DUNN, GE HAmL’l‘oN. " Dr. SAMUEL SHELDON,
J. W. LIEB, J=., R. w POPE. HERBERT LAWS WEBB.
Committee on Papers and Meetlngl.
HERBERT LAWS WEBB, Chai

FEDWARD CALDWELL, Dz, FRANCIS B. CROCKER T. C HARTIN
A. E. KENNELLY, CALVIN W, RICE, Dr. PU? N.

Committee on Units and Standards.

A. E. KENNELLY, Chairman. GEO. A. HAMILTON, DR WM. E. GEVER
FRANCIS B. CROCKER. WILLIAM D. WEAVER.

Committee on Standardisation.
Dr. FRANCIS B. CROCKER, Chairman.
Dr. CARY T. HUTCHINSON, Dn ARTHUR E. KENNELLY, JOHN W. LIEB,
CHARLES P. STEINMETZ, = L. B. STILLWELL, Pror. ELIHU THOMSON

Committee on Co-operative Research:

DR. E. KENNELLY, Chairman.
Pror. W. A. ANTH()NY Dh. SAMUEL SHELDON,
Dx. FRANCIS B. CROCKER CHAS STEINMETZ
Dr. CARY T. HUTCHINSON Pror. ELIHU THOMSON.
RICHARD H. PIERCE, H. F, PARSHALL.
Local Honorary Secretary, l.ocal Honorary Secretary,
Manhattan Mnilding. Chicago. 8 Princes St., Bank E. C, London, Eng.
JAMES S FITZMAURICE Pror. ROBERT B. OWENS
Local Honoury Secretary, Local H ll‘y

210 George St., Sydney, N. S. W. McGill University, Moatreal,



CONTENTS.

FRrONTISPIECE.—Samuel Dana Greene.
REGULAR MEETING, NEw YORK, JANUARY 25, 1899.

PAGE.
Assocrate Mmbers Elected and Transferred, January 25, 1899.... 1
Electricity on Boud Ship. (//lustrated)—By S. Dana Greene.... .. ]
Discussion at New York by A. E. i{enneny John W, Lieb,
T. C. Martin, H. Ward Leonard Elihu Thomson, Townsend
Woleott, Lieut. Walling, Capt. Ml"IS H. L. Holbrow, Joseph
Bljur... .............................. 18
Communicated after adjournment by George Hill.... ..... 89
Reply by Elihu Thomson.....covviiiiitiiaiernseenccisncanes 40
REGULAR MEETING, NEW YorRK AND CHicAGo, FEBRUARY 15, 1899,
Assoctate Members Elected and Transferred, February 15, 1899. .. 48
Batteries and Railway Power Stations. (///ustrated.)—By
Kobert McA. Lloyd..............ocununnn. 45
Discussion in New York b{lA E. Kennelly, George Hill, C. O
Mailloux, E. T. Birdsall, F Henshaw, Jesse M. Smith, F. S
Holmes, H. B Coho, ]oseph Bijur ....oiiiiil ciiiienn e 61
Discussion in Chicago by R. H. Pierce, Alex Dow, Maurice
Coster, Joseph Appleton, G. W. Knox, B. ] Arnold............ 80
REGULAR MEETING, NEW YOKK, MARCH 22, 1899,
Associate Members Elected, March 23, 1899....................... 91
Council Nominees for Election. .............cccvviveiiee vunns 92
Propagation of Long Electrical Waves, (///ustrated. )—ByM 1. Pupm 98
REecuLAR MEETING, NEW YORK, APRIL 26, 1899,
Associate Members Elected and Tran.sferreri April 26, 1899... 148

The Limitations of Power Sub-division by Electric MotorsinManu-
facturing Establishments. (A To 1cal Discussion )

Discussion at New York by Gano S. Dunn, H. Ward Leonard.

F. M.:Pedersen, R. T. E. Lozier,George Hill, H. B. Coho. Oberlin

Smith. Townsend Wolcott, James Hamblet, Douglass Burnett,

Arthur Williams, Jesse M. Smith, A, E. Kennelly..... eerercene

ANNUAL BusiNess MEETING, NEw YORK, May 17, 1899.

Assoctate Members Elected and Transferred, May 16,1899 ........
The Volta Centenary.. ... .oociviivneionenionieniine sesinananes
Report of Council for the year ending April 29, 1899.............. .
Commuttee on Flectrical Research..................... eereenian ..
Resignations during the year......... ...c.cooveveiveiiienineninn,
Deaths during the year............ccoovvvvnnn. Ceerieeieaaieee
Resume of Membershsp «........cooovviiviiiiiiinnn civvnins cenes
Secretary's Balance Sheet........ ...o.oovviiiiiiiiiiiiiiiiiienn,
Receipts and Disbursements of the In.rtzlute ......................
Treasurer's Report ...... e eiieerae eeeeissesieeenesne.aes ceeees
Tellers' Report............ f o ete seeeteacicssessiectietiancnns ..
Proxy Commitiee's Report...... cerees ceveres Cteeeccenicecrsrenanas

145




vi

The Multiple Unit System of Electric Railways. (///ustrated )—Bv
Frank J.Sprague .. .........
Discussion in New York b{{j B. Blood FV. Henshaw, C ‘w.
Rice, H. Ward Leonard, A Armstrong, Mr, Shepard........
Appendix—Chronology of Modern Electric Train Operation from
1880 t0 1898.......ccvviieeeiiininnnine cinenn Ceete he aieeeane.

SIXTEENTH GENERAL MEETING AT BosToN, JUNE 26-28, 1899.

Opening Exercises . .....ccoevv cvivnniinn vnnn N .
Report of the Commitiee on Slandardxxahon .......................

Symbolic Representation of General Alternating Waves and of Double Fre-
quency Vector Products. (Illu:tralm')—By Charles Proteus Stein-
MELZ. . ... ..i 000 tenee sosesscans sosennans _ + seesscsceses

Discussion by Louis Bell Elibu Thomson, A. E. ‘Kennelly, W.
E. Goldsborough, C. A, Adams, Jr, T. ). Johnston, H. ]J. yan
Samuel Sheldon.......... ciiiiit tiiieiitnisrenitin iiananans

Communication after adjournment by Dugald C. Jackson.....

‘The Cost of Electricity in Some Typical Buildings in New York City.—
By Percival Robert Moses ............ ...  ...c...0e..
Discussion by H.Ward Leonard, Arthur Wllhams C. P. Stein-
metz, C. W . RICE ......ccc it tih ciieinens v tevennnnnnnnns

Communication after adjournment by Chas. Blizard . ........ .
Associate Members Elected and Transferred, July 18, 1899........
The Determination of the Wave form of Alternating Currents without a

Contact Maker. (///ustrated.—By Harns J. Ryan........ ....

Addendum. Communicated after adjournment. By Harris J. Ryan
and E. F. Scattergood .............ccceiiiiiiiinenannnnn.

Discussion by C. P. Steinmetz, Samuel Sheldon C.A. Adams

Jr.,C.P. Matthews........coveiiiins iiiiiiies iviiiiiinan.

Elements of Design Favorable to Speed Regulation fn Plaats Driven by
Water Power. (///ustrated.)—By Allan V. Garratt... ..........
Discussion by C. F. Hopewell, W, S. Aldrich. C. W. Rice, C.

P. Steinmetz, Louis Bell, W. E. Goldsborough, H. W. Leonard,

W.J. Hammer ... .. ..cc.coiiiiiiiin ciiiee connen ous cieeene

Communication after adjournment by S L. G. Knox ........

The Protection of Secondary Circuits from Fire Risks, By Cary T.
Hutchinson.. .. ... .c..ciiiiiiis liiiieiies o eanens

Discussion by Elihy 'I‘homson C. M. Goddard, W. E. Golds-
borough, C. P. Steinmetz, Louis Bell, J. I. Ayer, Wm. Brophy,
W. L. Puffer, C. W. Rice, W. J. Hammer, A, E. Kennelly ...

Plea for a Working Standard of Light, By S. Everett Doane. ... ...
Discussion oy C. P. Steinmetz, C. P. Matthews, A. E. Kennel‘lz
W. E. Goldsborough, J. B. Blood, A. L. Clough, W. M. Stine

L. Puffer, C. W, Rice, W, J. Hammer..... teeeeeasisateitiannas
Commumcatlon by R. A Fessenden. ......... seeeeeeeen
Motor Speed Regulation. Bg' Alton D. Adams....... ereereeanrenaes
Discussion by J. B. Blood, C. A. Adams, Jr...................

Coal Mining, (//lustrated.—By John Price Jackson and

Frankl' ThOomPSON ...  ..iieeeiiieeeees tovsenssessncssanns

Discussion by E. A. Sperry, W. S, Aldrich, A.D. Adams...

Air Gap and Core Distribution. (///ustrated )—By W. Elwell Golds-
DOTOUZN . caviveiins teetictos or seetenseecs ssassasascenne
Discussion by C.P. Steinmetz, J.B.Blood.......... ........

t!ngCottof Horse and Electric Dcli\m'yWagonlin New York City.
By G. F. Severand R, A. Fliess.. .......ccooviiiiiiinnians.

193
281

248

251

207
801

805
337
848

845

838
857

361

.894

402

49
457

461
481




vii

Electric Automobtles. (///ustrated. )—B Elmer A. Sperry.....

Discussion by H. Lemp, Jr., . Rice, J. B. Blood, Elihu
ThOMSOM . 1. ittt iiieenee o tteecansassaaonas oo sonnsans
Resolulions ... ....... ... uiieeinineaiiinitasaesccsacnsnnionenns
Associate Members Elected, August 28, 1899. ............c.o0vuuenn

REGULAR MEETING, New YoRrk, SEPTEMBER 27, 1899,
Assoctate Members Elected and Transferred, September 27, 1899..

Arc Lighting from Constaat Current Transformers, (///ustrated)-
By Wm. Lispenard Robb.......... ..., ... ....

Discussion at New York by A. E. Kennelly. C. P. Stetnmetz
J. H. Hallberg, Richard Fleming, C. O. Mailloux ....... .. ..

ReGULAR MEETING, NEw York AND CHicAGo. NoVEMBFR 22, 1899.

Associate Members Elected and Transferred November 22, 1899 ..

Test of a 300-Kilowatt Direct Connected Railway Unit at Different Loads.
(Hustrated.)—B deardg Willis .. .........

Dl;cusslon at New York bv A. E. Kennelly. G. F. Sever Geo

Hill, C. O. Mailloux, E. J. Willis (Communicated)....... ......

The Possibilities of Wireless Telegraphy. (A Topical Discussion.)
Discussion at New York R. A. Fessenden. W. J. Clark, M.
I. Pupin, F. V. Henshaw,g E. Dunn, A, E. Kennelly.C P.

Steinmetz, C. O, Mailloux., . .. ... .....  iceiieee onn
Discussion at Chicago by A. V. Abbott, G. M. Mayer, Thomas
Duncan. James Lyman, V. R. Lansingh .....  ............
Communication after adjournment by W. S. Franklm .........
Reply by M. L. Pupin .......cccvviiiiien o0 00 tieeivennnnn

REeGULAR MEETING, NEw YOorRK AND CHicaco, DrcEMBER 27, 1899,

Associate Members Elected and Transferred December 27, 1899..

Cost of Arc Lighting. (///ustrated.)—By H. H. Wait........ . ... ..
Discussion at New York by C. O. Matlloux ..........
Discussion at Chicago by F.N,Boyer,G.A.Damon,Alex. Church-

ward, E. P.Warner, R. H. Pierce, F. L. Merrill, G. B. Foster..

An American Pacific Cable., (///ustrated )—By Geo {lge Owen bquler
Discussion at New York by A. E. Kennelly, H.L. Webb, T.E

Hughes, M. I, Pupin, J. H. Hallberg.... .. ... ..............

Communication after adjournment by H L. Webb ..........

OBITUARY.
Samuel Dana Greene. ... ........o.coee couniiniiiteaaniannes cans
Alexander Strallon. ... .......oeoeuiineiiiteiiisiiinisocnsssnnns

Death Notice—Franklin Sheble............... fetseriineteaaanene
Catalogsue of Membets. .o.o.o.ouveiiniiiieeiiecsiscaresonisncscnns
Grographecal List.........oo.oiuviniiiinniiniinisansnncensocnnsns

528

581

588
541

597

628
851

581

P |



vii1

Tue InstrruTe is not, as a body, responsible for the statements
of fact or opinions advanced in papers or discussions at its meet-
ings, and it is understood that papers and discussions should not
include matters relating to pb]itics or purely to trade.

Constitution, Article VII, Sec. 2.
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New York, January 25th, 1899.

The 131st meeting of the InsTiTuTE was held this date at 12
West 31st Street, and was called to order by President Kennelly

at 8 o’clock p. M.

The Secretary announced that at the meeting of the Executive

Committee in t
were elected :

Name. Address,
Dageert, RoyaL BrapForDp Electrical Engineer, Electric
Sto Battery Co., Marquette

Building, Chicago, 111.

Engineer and Manager of the En-
gineering Department of the
American Trading Co., Box 28
Yokohama, Japan.

Chief Engineer, Elevator Depart-
ment, Sprague Electric Co.,
Bloomfield, N. J.; residence,
New York City.

Electrical Engineer, Westing-
house E. & M. Co., Pittsburg,
Pa.

Dyer, Erxxst 1.

HiLL, Geo. HENRY

HiLr, ERNEST RowLAND

LynN, Wa. A, Assistant in Electrical Engineering,
University of California, Berkeley.

Assistant Superintendent, North-
Western Grass Twine Co., P. O.
Box 2518, St. Paul, Minn.

Electrical Laboratorian, Brook-
lyn Navy Yard; residence, 217
Cumberland St., Brooklyn, N. Y.

TrompsoN, ALFRED J. Electrical Engineer and Contrac-
tor, San lgnacio 50, Havana,
Cuba.

Faculty of Applied Science, McGill
University; residénce, 113 Shuter
Street, Montreal, Que.

1

SiupsoN, J. MANLEY

TaompsoN, THos. PERRIN

WisoN, RoBErT M.

Total, 9.

e afternoon, the fullowing associate members

Kodorsed by
Herbert Lloyd.
J. B. Eutz.

H. H. Wait.

C. L. Cory.
J. N. LeConte.
J. A. Lighthipe.

F. J. Sprague.
E. R. é)arichoﬁ.
Louis Duncan.

C. F. Scott.
I.. B. Stillwell.
Harris J. Ryan.

C. L. Cory.
J. N. LeConte.
F. V. T. Lee.

F. A. C. Perrine.
C. A. Carus-Wilson
Ralph W. Pope.

Townsend Wolcott
Frederick Bedell.
Harris J. Ryan.

Thos. A. Edison.
A. E. Kennelly.
Gano S. Dunn.

R. B. Owens.
R. A. Ross. .
Ralph W. Pope.




2 ASSOCIATE MEMBERS TRANSFERRED. [Jan. 25,

The following Associate Members were transferred to mem-
bership.
Approved by Board of Examiners, December 9th, 1898.

PaILANDER BETTS, Electrician U. 8. Navy Yard, Washington, D. C.

Winpex ELWELL GoLD8BOROUGH, Professor of Electrical Engineering, Purdue
University, Lafayette, Ind.

TrE PresipENT :—In introducing the paper of the evening,
I have the pleasure to announce that ﬁr. Greene himself is
present and he has, as you know, been spending some months
professionally in the navy. We shall look for an interesting
paper at his hands upon “ Electricity on Board Ship.”
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pany, one from Professor Elihu Thomson, extending an invita-
tion to his house on Wednesday evening; one from the Vice-
President’s office of the Boston Elevated Railway; one from the
Mayor of Cambridge ; a letter of regret from Mr. Dunn saying
‘he had been obliged to change his plans on account of his health,
which necessitated his going to Haines Falls in the Catskills; a
letter from the New England Gas and Coke Company, inviting
the members to visit its new works at Everett.

Tre PresipENT :—There is one report to be laid before -the
InsTrTUTE this morning, and that is the report of the Committee
on Standardization. The Chairman of that committee is Prof.
Crocker, and I am sorry that Professor Crocker is abroad and not
here to-day to present it. But this committee was appointed
pearly two years ago and its provisional report was laid before
the INsTITUTE at the last General Meeting a year ago at Omaha.
The report has been before the InsTiTUTE therefore for a year,
and criticisms have been invited and a number have beeu re-
ceived, and it is in printed form before you this morning. The
matter is now before the INsTITUTE for action.

Mkr. A. V. GarraTT:—Mr. President, I believe that this report
representing as it does a vast amount of careful, conscientious and
well digested labor on the part of our very able Committee,
should be either rejected or accepted as a whole as it is here
printed before us. I therefore move you the acceptance of the
report as presented to us in printed form and that it be published
in the TrANsAcCTIONS.

[Motion seconded and adopted.]
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O

To The Council of The AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS.

Gentlemen :

Your committee on Standardization begs to submit the following
report, covering such subjects as have been deemed of pressing and imme-

diate importance, and which are of such a nature that general agreement

may be expected upon them.

While it is the opinion of the committee that many other matters might
advantageously have been considered, as, for example, standard methods
of testing ; yet it has been deemed inexpedient to attempt to coverina
single report more than is here submitted.

Yours respectfully,

FRANCIS B. CROCKER, Ckasrman.

CARY T. HUTCHINSON,
A. E. KENNELLY.

J. W. LIEB, Jx.

CHARLES P. STEINMETZ.
LEWIS B. STILLWELL,
ELIHU THOMSON,

265
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GENERAL PLAN.
Eﬁc:ieucy.I Sections 1 to 24

Commutating Machines, Sections 6 to 11
(II)  Synchronous Machines, ‘ 10 to 11
(III) Synchronous Commutating Machines, ‘- 12 to 1§
(IV) Rectifying Machines, ‘“ 16 to 17
(V) Stationary Induction Apparatus, ‘ 18 to 19
(VI) Rotary Induction Apparatus, o 20 to 23
(VII) Transmission Lines, . 24

Rise of Temperature. Sections 25 to 31
Insulation. Sections 32 to 41
Regulation. Sections 483 to 61
Variation and Pulsation. Sections 62 to 65
‘Rating. Sections 66 to 73
Classification of Voltages and Frequencies. Sections 74 to 78
Overload Capacities. Sections 79 to 82
Appendices. (I) Efficiency. .
(II) Apparent Efficiency.
(I1I) Power Factor and Inductance Factor.
(IV) Notation. -
(V) Table of Sparking Distances.

Electrical Apparatus will be treated under the following heads:—

I. Commutating Machines, which comprise a constant magnetic field,
a closed-coil armature, and a multi-segmental commutator connected
thereto.

Under this head may be classed the following : Direct-current genera-
tors ; direct-current motors; direct-current boosters; motor-generators;
dynamotors ; converters and closed-coil arc machines

A booster is a machine inserted in series in a circuit to change its
voltage, and may be driven either by an electric motor, or etherwise. In
the former case 1t is a motor-booster.

A motor-generator is a transforming device consisting of two ma-
chines ; a motor and a generator, mechanically connected together.

A dypamotor is a transforraing device combining both motor and
generator action in one magnelic field, with two armatures or with an
armature having two sef)arate windings.

For Converters, see I1I.

II. Synchronous Machines, which comprise a constant magnetic field,
and an armature receiving or delivering alternating currents in syn-
chronism with the motion of the machine ; 7. ¢., having a frequency
equal to the product of the number of pairs of poles and the speed of the
machine in revolutions per second.

II1. Syachronous Commutating Machines :—These include: 1. Syn-
chronous converters; z e., converters from alternating to direct, or from
direct to alternating current, and 2. Double.current generators; +. e.,
generators producing both direct and alternating currents.

A converter is a rotary device transforming electric energy from one form
into another without passing it through the intermediary form of mechan-
ical energy.

A converter may be either :

a. A direct current converter, converting from a direet current to a di-
rect current or,

4. A synchronous converter, formerly called a rotary converter, con-
verting from an alternating to-a direct current, or vice versa.

Phase converters, are converters from an alternating-current system to
an alternating-current system of the same frequency but different phase.

Frequency converters are converters from an alternating-current system
of one frequency to an alternating-current system of another frequency,
with or without changes of phase. .
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IV. Rectifying Machines, or Pulsating-Current Generators, which pro-
duce a unidirectional current of periodically varying strength.

V. Stationary Induction Apparatus, 7. ¢.. stationary apparatus changin
electric ene from one form into another, without passing it throug
an intermediary form of energy. These comprise

a. Transformers, or stationary induction apparatus in-which the prim-
ary and secondary windings are electrically insulated from each other.

4. Auto-transformers, formerly called compensators ; 7. ¢., stationary
induction apparatus in which part of the primary winding is used as a
secondary winding; or conversely.

¢. Potential regulators, or stationary induction apparatus having a coil
in shunt, and a coil in series with the circuit, so arranged that the ratio of
transformation between them is variable at will.

These may be divided into :—

1. Compensator potential regulators, in which the number of turns of
one of the coils is changed.

2. Induction potential-regulators, in which the relative positions of
primary and secondary coils is changed.

3. Magneto potential-regulators, in which the direction of the magnetic
flux with respect to the coils 1s changed.

d. Reactive coils, or Reactance coils, formerly called choking coils ;2. ¢.,
stationary induction apparatus used to produce impedance or phase dis-
placement.

VI. Rotary Induction Apparatus, which consist of primary and secon-
dary windings rotating with respcct to each other. They comprise

a. Induction motors.

4. Induction generators.

¢. Frequency changers.

d. Rotary phase converters.

EFFICIENCY.

1. The * efficiency ” of an apparatus is the ratio of its net power output
to its gross power input.?

2. Electric power should be measured at the terminals of the apparatus,

3. In determining the efficiency of alternating-current apparatus, the
electric power should be measured when the current is in phase with the
E. M. F., unless otherwise specified, except when a definite phase difference
is inherent in the apparatus, as in induction motors, etc. .

4. Mechanical power in machines should be measured at the pulley, gear-
ing, couphng, etc., thus excluding the loss of power in said pulley, gearing
or coupling, but including the bearing friction and windage. The magni-
tude of bearing friction and windage may be considered as independent of
the load. The loss of power in the belt and the increase of bearing friction
due to belt tension, should be excluded. Where, however, a machine is
mounted upon the shaft of a prime mover, in such a manner that 1t cannot
be separated therefrom, the frictional losses in bearings and in windage,
which ought, by definition. to be included in determining the efficiency,
should be excluded, owing to the practical impossibility of determining
them satisfactorily. The brush friction, however, should be included.

a. Where a machine has auxiliary apparatus, such as an exciter, the
gower lost in the auxiliary apparatus should not be charged to thc machine

ut to the plant consisting of machine and auxiliary apparatus taken to-
gether. e plant efficiency in such cases should be distinguished from
the machine efficiency.

5. The efficiency may be determined by measuring all the losses individ-
ually and adding their sum to the output to derive the input, or subtract-

1. An ecxception should be noted in the case of storage batteries or apparatus for storing energy,
in which the efficiency, unless otherwise qualified, should be understood as the ratio of the energy
output to the energy intake in a normal cycle.
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ing their sum from the input to derive the output, All losses should be
measured at, or reduced to, the temperature assumed in continuous opera-
tion, or in operation under conditions specified. (See Sections 25 to 31:)
In order to consider the application of the foregoing rules to various ma-
;:hxines in general use, the latter may be conveniently givided into classes as
ollows * .

I. Commutating Machines.
6. In commutating machines the losses are : —
a. Bearing friction and windage. (Sce Section 4.)

6 Molecular magnetic friction, and eddy currents in iron and copper.
These losses should be determined with the machine on open circuit, and at
a voltage equal to therated voltage + ./ in a generator, and—/» in a mo-
tor, where / denotes the current strength, and » denotes the internal resist-
ance of the machine, They should be measured at the correct speed and
voltage, since they do not usually vary in proportion to the speed cr to any
definite power of the voltage.

¢. Armature resistance losses, /*»', where / is the current strength in
the armature, and »' is the resistance between armature brushes, excluding
the resistance of brushes and brush contacts,

d. Comutator brush friction.

e¢. Commutator brush-contact resistance. It is desirable to point out that
with carbon brushes the losses (4) and (¢) are usually considerable in low-
voltage machines.

ield excitation. With separately excited fields, the loss of power in
the resistance of the field coils alone should be considered. With shunt
fields or series fields, however, the loss of power in the accompanying rheo-
stat should also be included, the said rheostat being considered as an essen-
tial part of the machine, and not as separate auxiliary apparatus.

(6) and (c) are losses in the armature or ‘ armature losses ; ™ (4) and (¢)
4* commutator losses ; ” (f) ** field losses.”

7. The difference between the total losses under load and the sum of the
losses above specified, should be considered as ‘load losses,” and are
usually trivial in commutating machines of small field distortion. When
the field distortion is large, as is shown by the necessity for shifting tke
brushes between no load and full load, or with variations of load, these
load losses may be considerable, and should be taken into account. Iu this
case the efficiency may be determined either by input and output measure-
ments, or the load losses may be estimated by the method of é)ection IL.

8. Boosters should be considered and treated like other direct-current
machines in regard to losses.

9. In motor-generators, dynamotors or converters, the efficiency is the
electric output.

electric input.
II. Synchronous Machines.—

10. In synchronous machines the output or input should be measured
with the current in phase with the terminal E. M. F., except when otherwise
expressly specified.

Owing to the uncertainty necessarily involved in the approximation of
load losses, it is preferable, whenever possible, to determine the efficiency
of synchronous machines by input and output tests.

11. The losses in synchronous machines are ;

a. Bearing friction and windage ; see Sec. 4.

5. Molecular magnetic friction and eddy currents in iron, copper and
other metallic parts. These losses should be determined at open circuit of
the machine at the rated speed and at the rated voltage, + /7 » in a syn-
chronous generator, — / » in a synchronous motor. where / = current in
armature, » = armature resistance. It is undesirable to compute these
losses from observations made at other speeds or voltages.

These losses may be determined either by driving the machine 137 a mo-
tor, or by running it as a synchronous motor, and adjusting its fields so as
to get minimum current input and measuring the input by wattmeter. The
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former is the preferable method, and in polyphase machines the latter
method is liable to give erroneous results in consequence of unequal
distribution f currents in the different circuits caused by inequalities of the
impedance of connecting leads, etc.

¢. Armature-resistance loss, which may be expressed by p /3 » ; where »
= resistance of one armature circuit or branch, / = the current in such
%.rmature circuit br branch, and p = the number of armature circuits or

ranches,

d. Load losses as defined in section 7. While these losses cannot well
be determined individually, they may be considerable and, therefore. their
joint influeace should be determined by observation. This can be done by
operating the machine on short circuit and at full-load current, that is, by
determining what may be called the ‘‘shcrt-circuit core loss.” With the
low field intensity and great lag of current existing in this case, the load
losses are usually greatly exaggerated.

One-third of the short-circuit core loss may, asan approximation, and in
the absence of more accurate information, be assumed as the load loss.

e. Collector-ring friction and contact resistance. These are generally
negligible, except in machines of extremely low voltage.

/. Field excitation. In separately-excited machines, the /% » of the field
cdils proper should be used. In self-exciting machines, however, the
loss in the field rheostat should be included. (See Section 6 f£)

. Syncl'.nronous Commutating Machines.

12. In synchronous converters, the power on the alternating-current side
is to be measured with the current in pbase with the terminal . M. F.,
unless otherwise specified. '

13. In double.current generators, the efficiency of the machine-should be
determined as a direct-current generator in accordance with section 6., and
as an alternating.current generator in accordance with section 11. The
two values of efficiency may be different, and should be clearly dis-
tinguished.

14. In synchronous converters the losses should be determined when
driving the machine by a motor. These losses are :—

a. Bearing friction and windage, see section 4.

4. Molecular magnetic friction and eddy currents in iron, copper and me-
tallic parts. These lnsses should be determined at open circoit and at the
rated terminal voltage, no allowance being made for the armature resis-
tance, since the alternating and the direct currents flow in opposite
directions.

¢. Armature resistance. The loss in the armature is ¢ /* », where / =
direct current in armature, » = armature resistance and ¢. a factor which
is equal to 1.37 in single-phasers, 0.56 in three-phasers, o0.37 in quarter-
phasers and 0.26 in six-phasers .

d. Load losses ‘l'he load losses should be determined in the same
u;gnner as described in section 11 4., with reference to the direct.current
side.

¢ and f. Losses in commutator and collector friction and brush-contact re.
sistance. See sections 6 and 11.

g. Field excitation. In separately-excited fields, the /* » loss in the field
coils proper should be taken, while in shunt and series flelds the rheostat
loss sﬁou]d be included, except where fields and rheostats are intentionally
modifled to produce effects outside of the conversion of electric power, as
for producing phase Gisplacement for voltage control. In this case 25 per
cent. of the /* r loss in the field proper at non-inductive alternating circuit
should be added as proper estimated allowance for normal rheostat losses.
(See Section 6 £.)

15. Where two similar synchronous machines are available, their efficiency
can be determined by operating one machine as a converter from direct to
alternating, and the other as a converter from alternating to direct, con-
necting the alternating sides together, and measuring the difference be-
tween the direct-current input, and the direct-current output. This pro-
cess may be modified by returning the output of the second machine
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through two boosters into the first machine and measuring the losses,
Another modification might be to sup{;ly the losses by an alternator be-
tween the two machines, using potential regulators.

1V. Reotifying Machines or Pulsating-Current Generators.—

16. These include : Open-coil arc machines, constant-current rectifiers,
constant-potential rectifiers. .

The losses in open-coil arc machines are essentially the same as in sec-
tions 6 to 9 (closed-coil commutating machines.) In alternating-cur-
rent rectifiers, however, the output must be measured by wattmeter and
not by voltmeter and ammeter, since owing to the pulsation of current and
E. M. F., a considerable discrepancy may exist between watts and volt-
amperes, amounting to as much as 10 or 1¢ per cent.

17. In constant-current rectifiers, transforming from constant-potential
alternating to constant direct current by means of constant-current trans-
formers and rectifying commutators, the losses in the transformers are to be
included in the efficiency and have to be measured when operating the
rectifier, since in this case the losses are generally greater than when feed-
ing an alternating secondary circuit. In constant.current transformers the
load losses are usually larger than in constant-potential transformers and
thus should not be neglected.

The most satisfactory method of determining the efficiency in rectifiers is
to measure electric input and electric output by wattmeter. The input is
usually not non-inductive, owing to a considerable phase displacement and to
wave distortion. For this reason the apparent efficiency should also be
considered, since it is usually much lower than the true efficiency. The
power consumed by the synchronous motor or other source driving the
rectifier shounld be included in the electric input.

V. Stationary Induction Apparatus.—

18. Since the efficiency of induction apparatus depends upon the wave
shapeof E. M. F., it should be referred to asine wave of E. M. F , except where
expressly specified otherwise. The efficiency should be measured with non-
mé)uctive-losd. and at rated frequency, except where expressly specified
otherwise. The losses are:

a. Molecular magnetic friction and eddy currents measured at open cir-
cuit and at rated voltage — /», where / = rated current, » = resistance of
primary circuit.

6. Resistance losses, thesum of the /* » of primary and of secondary in a
transformer, or of the two sections of the coil in the’compensator or auto-
transformer, where / = current in the coil or section of coil, » = resistance.

¢. Load losses : 2. ¢., eddy currents in the iron and especially in the cop-
per conductors, caused by the current. They should be measured by short-
circuiting the secondary of the transformer and impressing upon the pri-
mary an E. M. F. sufficient to send full-load current through the transformer.
The loss in the transformer under these conditions measured by wattmeter
gives the Joad losses + /* 7 losses in both primary and secondary coils,

d. Losses due to the methods of cooling, as power consumed by the
blower in air-blast transformers, and power consumed by the motor driving
pumps in o¢il or water-cooled transformers. Where the same cooling
apparatus supplies a number of transformers or is installed to supply future
additions, allowance should be made therefor.

19. In potential regulators the efficiency should be taken at the maximum
voltage for which the apparatus is designed, and with non-inductive load,
unless otherwise specified.

VI. Rotary Induction Apparatus.

20. Owing to the existence of load losses and since the magnetic densit
in the induction motor under load changes in a complex manner, the effi-
ciency should be determined by measuring the electric input by wattmeter
and%e mechanical output at the pulley, gear, coupling, etc.
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21. The efficiency should be determined at the rated frequency and the
input measured with sine waves of impressed E. M. F.

22. The efficiency may be calculated from the apparent input, the power
factor, and the power output. The same applies to induction generators.
Since phase displacement is inherent in induction machines, their appar-
ent efficiency is also important.

23 In frequency changers; 7 ¢., apparatus transforming from a poly-
phase system to an alternating system of different frequency, with or with-
out a change in the number of phases, and phase converters;z. ¢., apparatus
converting from an alternating system, usually single phase, to another
alternating system, usually polyphase. of the same frequency, the efficiency
should also be determined by measuring both output and input.

VIii. Transmission Lines.

24. The efficiency of transmission lines should be measured with non-in-
ductive load at the receiving end, with the rated receiving pressure and
frequency, also with sinusoidal impressed E M.F.’s., except where expressly
specified otherwise, and with the exclusion of transformers or other
apparatus at the ends of the line.

RISE OF TEMPERATURE.

General Princliples.—

25. Under regular service conditions, the temperature of electrical ma-
chinery should never be allowed to remain at a point at which permanent
deterioration of its insulating material takes place.

28. The rise of temperature should be referred to the standard conditions
of a room-temperature of 25° C., a barometric pressure of 760 mm. and
normal conditions of ventilation ; that is. the apparatus under test should
neither be exposed to draught, nor enclosed, except where expressly specified.

27. If the room temperature during the test differs from 25° C.. the ob-
served rise of temperature should be corrected by 1/2 per cent for each
degree C.* Thus with a room temperature of 35° C., the observed rise of
temperature has to be decreased by 5 per cent, and with a room temper-
ature of 15° C., the observed rise of temperature has to be increased by g
per cent. The thermometer indicating the room temperature should be
screened from thermal radiation emitted by heated bodies, or from
draughts of air. When it is impracticable to secure normal conditions of
ventilation on account of an adjacent engine, or other sources of heat,
the thermometer for measuring the air temperature should be placed so
as fairly to indicate the temperature which the machine would have if it
were idle, in order that the rise of temperature determined shall be that
caused by the operation of the machine.

28. The temperature should be measured after a run of sufficient dura-
tion to reach practical constancy. This is usually from 6 to 18 hours, ac-
cording to the size and construction of the apparatus. It is permissible,
however, to shorten the time of the test by running a lesser time on an
overload in current and voltage, then reducing the load to normal, and
maintaining it thus until the temperature has become constant.

In apparatus intended for intermittent service, asrailway motors, starting
rheostats, etc., the rise of temperature should be measured after a shorter
time, depending upon the nature of the service, and should be specified.

In apparatus which by the nature of their service may be exposed to
overload, as railway converters, aud in very high voltage circuits, a
smaller rise of temperature should be specified than in apparatus not
liable to overloads or in low-voltage apparatus. In apparatus built for
conditions of limited space, as railway motors, a higher rise of temperature
must be allowed.

2. This correction is also i ded to p , as nearly as isat present practicable, for the
error involved in the ption of a p ure coefficient of resistivity; 7. e. 0.4 per
cent. per deg. C. taken with varying initial temperatures.
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29. In electrical conductors, the rise of temperature should be determined
by their increase of resistance. For this purpose the resistance may be
measured either by galvanometer test, or by drop-of-potential method A -
temperature coefficient of 0.4 per cent per degree C., may be assumed for
copper.? Temperature elevations measured 1n this way are usually in ex-
cess of temperature elevations measured by thermometers.

30. Itis recommended that the following maximum values of tempera-
ture elevation should not be exceeded : .

Commutating machines, rectifying machines. and synchronous machines.

Field and armature, by resistance, so° C.
Commutator and collector rings and brushes, by thermometer, §5° C.
Bearings and other parts of machine. by thermometer, 40° C.
Rotary induction apparatus:
Electric circuits, 50° C., by resistance.
Bearings and other parts of the machine 40° C.. by thermometer.

In squirrel cage or short-circuited armatures, §5° C., by thermometer,
may be allowed. .

Transformers for continuous service—electric circuits by resistance
50° C., other parts by thermometer, 40° C., under conditions of normal ven-
tilation.

Reactive coils, induction and magneto regulators—electric circuits by
resistance 55°C., other parts by thermometer 45°C.

Where a thermometer, applied to a coil or winding, indicates a higher
temperature elevation than that shown by resistance measurement, the
thermometer indication should be accepted. In using the thermometer,
care should be taken so to protect its bulb as to prevent radiation from it,
and, at the same time, not to interfere seriously with the normal radiation
from the part to which it is applied.

31. In the case of apparatus intended for intermittent service, the tem-
perature elevation which is attained at the end of the period corresponding
to the term of full load, should not exceed 50° C by resistance in electric
circuits. In the case of transformers intended for intermittent service, or
not operating continuously at full load, but continuously in circuit, as in
the ordinary case of lighting transformers. the temperature elevation
above the surrounding air-temperature should not exceed 50° C by resist-
ance in electric circuits and 40° C by thermometer in other parts, after the
*)eriod corresponding to the term of full load. In this instance, the test

oad should not be applied until the transformer has been in circuit for a
sufficient time to attain the temperature elevation due to ccre loss. With
transformers for commercial lighting, the duration of the full-load test
may be taken as three hours, unless otherwise specified. In the case of
rallway. crane, and elevator motors, the conditions of service are neces-
sartly so varied that no specific period corresponding to the full-load term

can be stated.
INSULATION.

32. The ohmic resistance of the insulation is of secondary importance
only, as compared with the dielectric strength, or resistance to rupture by
high voltage. |

Since the ohmic resistance of the insulation can be very greatly increased
by baking, but the dielectric strength is liable to be weakened thereby, it
is preferable to specify a high dielectric strength rather than a Kigh
insulation resistance. )"l‘he high voltage test for dielectric strength should
always be applied.

Insulation Resistance.

33. Insulation resistance tests should, if possible, be made at the pressure
for which the apparatus is designed.

The insulation resistance of the complete apparatus must be such that the

rated voltage of the apparatus will not send more than —I—*o of the full

I, , 0"
load current, at the rated terminal voltage, through the insulation. Where
the ,value found in this way exceeds 1 megohm, 1 megohm is sufficient.

3. By the formula Ry = R, (1+0.004 §). Where R, is the resistance at room temperature, R the
resistance when heated, and § the temperature elevation ( 7-¢) in degrees centigrade.
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Dilelectric Strength.

34. The dielectric strength or resistance to rupture should be determined
by a continued application of an alternating E. M. F. for one minute  The
source of alternating k. M. F. should be a transformer of such size that the
charging current of the apparatus as a condenser does not exceed 25% of
the rated capacity of the traasformer.

35. The high voltage tests should not he applied when the insulation is
low, owing to dirt or moisture, and should be applied before the machine
is put into commercial service.

38 Itshould be pointed out that tests at high-voltages considerably in ex-
cess of the normal voltages are admissible on new machines. to determine
whether they fulfill their specifications, but should not be made subse-
quently ata voltage much excccding the normal, as the actual insulation
of the machine may be weakened by such tests

37. The test for dielectric strength should be made with the completely
assembled apparatus and not with its individual parts, and the voltage
should be applied as follows ;—

1st. Between electric circuits and surrounding conducting material. and,

and. Between adjacent electric circuits, where such exist, as in trans-
formers.

The tests should be made with a sine wave of E. M. ¥., or where this is
not available, at a voltage giving the same striking distance between needle
poiuntsin air, as a sine wave of the specified E M. F., except where expressl
specified otherwisc. As needles, new sewing needles should be used. It
is recommended to shunt the apparatus during the test by a spaik gap of
needle points set for a voltage excceding the required voltage by 104.

A table of approximate sparking distances is given in Appendix V.

38. The following voltages are recommended for apparatus not including
transmission lines or switchboards :

Rated Terminal Voltage. Capacity. Testinz Voitage.
Not exceeding 400 volts............ Under 10 k. w..... 1000 volts,
. o T 10 K.w, and over..1500 “

400 and over, but less than 800 volts. Under 10 k. w.....1500 **
o o “ b T0K. w. and over..2000 *

800 . ‘* 1200 ** Any .......iien 3s00 **
1200 e ' 2500 Any...coeennne. 00 ‘
2500 " C e eeee. Ady.o. d e e el
Synchronous motor fields and fields of converters started
rom the alternating currentside............ ..... « ... .5000 volts,

Alternator field circuits should be tested under a breakdown test voltage
corresponding to the rated voltage of the exciter, and referred to an output
equal to the output of the alternator; 7 e.. the exciter should be rated for
this test as having an output equal to that of the machine it excites.

Condcnsers should be tested at twice their rated voltage and at their
rated frequency.

The values in the table above, are effective values, or square roots of
mean square, reduced to a sine wave of E. M. F.

39. In testing insulation between different electric circuits as between
primary and secondary of transformers, the testing voltage must be chosen
corresponding to the high-voltage circuit.

40. In transformers of from 10,000 volts to 20,000 volts, it should be con-
sidered as sufficient to operate the transformer at twice its rated voltage,
by connecting first the one, and then the other terminal of the high-voltage
winding to the core and to the low-voltage winding. The test of dielectric
resistance between the low voltage winding and the core should be
in accordance with the recommendation in Section 38, for similar
voltages and capacities.

41. When machines or apparatus are to be operated in series, so as to em-
ploy the sum of their separate E. M. F's, the voltage should be referred to
this sum, except where the frames of the machines are separately insulated
both from gronnd and from each other.
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REGULATION.

42 The term regulation should have the same meaning as the term **in-
herant regulation,” at present frequently used.

43 The regulation of an apparatus intended for the generation of con-
stant potential, constant current, constantspeed, etc., is to be measured by
the maximum variation of potential, current, speed, etc , occurring within
the range from full load to no load, under such constant conditions of
operation as give the required full-load values. the condition of full load
being considered in all cases as the normal condition of operation.

44 The regulation of an apparatus iutended for the generation of a
f)otential. current, speed etc., varying in a definite manner between full
oad and no load. is to be measured by the maximum variation of potential
current, speed, etc., from the satisfied condition, under such coastant con-
stant conditions of operation as give the required full-load values.

If the manner in which the variation in potential, current, speed, etc.,
between full load and no load is not specified, it should be assumed to be
a simple linear relation ; 7. . undergoing uniform variation between full
load and no load.

The regulation of an _apparatus may, therefore, differ according to its
qualification for use. Thus the regulation of acompound.wound generator
specified as a constant-potential generator will be differcnt from that it
possesses when specified as an over-compounded generator.

45. The regulation is given in percentage of the full-load value of po-
tential, current, speed, etc., and the apparatus should be steadily operated
during the test under the same conditions as at full load.

46. The regulation of generators is to be determined at constant speed ; of
alternating apparatus at constant impressed frequency.

47. The regulation of a generator-unit, consisting of a generator united
with a prime-mover, should be determined at constant conditions of the
prime mover; 7. ¢. constant steam pressure, head, etc. It would include
the inherent speed variations of the prime mover. For this reason the
regulation of a generator-unit is to be distinguished from the regulation of
either the prime-mover, or of the generator contained in it, when taken
separately.

48. In apparatus generating, transforming or transmitting alternating
currents, regulation should be understood to refer to non-inductive load,
that is to a load in which the current is in phase with the k. M. F. at the
output side of the apparatus, except where expressly specified otherwise.

49. In alternating apparatus receiving electric power, regulation should
refer to a sine wave of E. M. F,, except where expressly specified otherwise.

50. In commutating machines, rectifying machines and synchronous ma-
chines, as direct-current generators and motors, alternating-current and
polyphase generators, the regulation is to be determined under the following
conditions :

a. At constant excitation in separately excited fields

6. With constant resistance in shunt field circuits and

¢. With constant resistance shunting series fields ; 7 e., the field adjust-
ment should remain constant, and should be so chosen as to give the re-
quired full-load voltage at full-load current.

51. In constant-potential machines, the regulation is the ratio of the
maximum difference of terminal voltage from the rated full-load value (oc-
curring within the range from full load to open circuit) to the full.load ter-
minal voltage.

52. In constant-current machines, the regulation is the ratio of the maxi-
mum difference of current from the rated full-load value (occurring within
the range from full load to short circuit), to the full-load current.

53. In constant-power machines, the regulation is the ratio of maximum
difference of power from the rated full load value (occurring within the
range of operation specified) to the rated power.

54. In over-compounded machines, the regulation is the ratio of the
maximum difference in voltage from a straight line connecting the no-load
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and full-load values of terminal voltage as function of the current, to the
full-load terminal voltage.

55. In constant-speed continuous-current motors, the regulation is the
ratio of the maximum variation of speed from its full.load value (occurring
within the range from full-load to no-load) to the full-load speed.

58. In transformers, the regulation is the ratio of the rise of secondary
terminal voltage from full-load to no-load, (at constant primary impressed
terminal voltage) to the secondary terminal voltage.

57. Ininduction motors, the regulation is the ratio of the rise of speed from
full-load to no-load, (at constant impressed voltage), to the full-load speed.

The regulation of an induction motor is, therefore, not identical with the
slip of the motor, which is the ratio of the drop in speed from synchronism,
to the synchronous speed.

58. In converters, dynamotors, motor-generators, and frequency chang-
ers, the regulation is the ratio of the maximum difference of terminal volt-
age at the output side from the rated full-load voltage, (at constant im-
pressed voltage and at constant frequency), to the full-load voltage on
the output side.

59. In transmission lines, feeders, etc., the regulation is the ratio of
maximum voltage difference at the receiving end, between no-load and
full non-inductive load, to the full-load voltage at the receiving end, with
constant voltage impressed upon the sending end.

60. In steam engines, the regulation is the ratio of the maximum varia-
tion of d in passing from full-load to no load (at constant steam pressure
at the throttle), to the full-load speed. :

61. In a turbine or other water-motor, the regulation is the ratio of the
maximum variation of speed from full-load to no-load (at constant head of
water ; 7. e., at constant difference of level between tail race and head
race), to the full-load speed. :

Variation and Pulsation.—

62. In prime movers which do not give an absolutely uniform rate of ro-
tation or speed, as in steam engines, the ‘‘variation” is the maximum ang-
ular displacement in position of the revolving member expressed in degrees,
from the position it would occupy with uniform rotation, and with one
revolution as 360°; and the puisation is the ratioof the maximum change
of speed in an engine cycle to the average speed.

63. In alternators or alternating-current circuits in general, the variation
is the maximum difference in phase of the generated wave of E. M. F. from
a wave of absolutely constant frequency, expressed in degrees, and is due
to the variation of the prime mover. The pulsation is the ratio of the max-
imum change of frequency during an engine cycle to the average fre-
quency.

84. If » = number of poles, the variation of an alternatoris % times the
2

variation of its prime mover if direct connected, and ”4 times the varia-
2

tion of the prime mover if rigidly connected thereto in the velocity ratio .

65. The pulsation of an alternating-current circuit is the same as the pul-
sation of the prime mover of its alternator.

RATING.

868. Both electrical and mechanical power should be expressed in kilo-
watts, except when otherwise specified. Alternating-current apparatus
should be rated in kilowatts on the basis of non-inductive condition; 7 e.,
with the current in phase with the terminal voltage.

67. Thus the electric power generated by an alternating—current
apparatus equdls its rating only at non-inductive load, that is when the
current is in phase with the terminal voltage.

.68. Apparent power should be expressed in kilovolt-amperes as dis-
tinguished from real power in kilowatts.
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89 If a power-factor other than roo$ is specified, the rating should be
expressed in kilovolt-amperes and power-factor, at full load.

70. The full-load current of an electric generator is that current which
with the rated full-load terminal voltage gives the rated kilowatts, but in
alternating-current apparatus only at non-inductive load.

71. Thus in machines in which the full load voltage differs from the no-
load voltage. the full.load current should refer to the former.

If P = rating of an electric generator and £ = full-load terminal volt-
age, the full-load current is :

7 =£ in a continuous-current machine or single phase-alternator.

I = E_P,_: in a three-phase alternator.

3
I = zLE in a quarter-phase alternator.
72. Constant-current machines such as series arc-light generators, should
be rated in kilowatts based on terminal volts and amperes at full load.

73. The rating of a fuse or circuit breaker should be the current-strength
at which it will open the circuit, and not the working-current strength.

Classificatlon of Voltages and Frequencles.

74 In direct-current, low-tension generators, the following average
terminal voltages are in general use and are recommended :

125 volts. 250 volts. 550 volts,

75. In direct-current, and alternating-current, low-pressure circuits,
the following average terminal voltages are in general use and are
recommended:

110 Volts, 220 volts.

In direct-current power circuits, for railway and other service, 500 volts
may be considered as standard.

78. In alternating-current, high-pressure circuits at the receiving end, the
following pressures are in general use, and are recommended :

1007 volts. 2000 volts. 3coo volts. 6000 volts
100c0 volts. 15000 volts. 20000 volts.

77. 1n alternating-current high-pressure generators, or generating sys-
tems the following terminal voltages are in general use and are recom-
mended :

1150 volts 2300 volts 3450 volts

These pressures allow of a maximum drop in transmission of 15% of the
pressure at the receiving end. If the drop required is greater than 154, the
generator should be considered as special.

78. In alternating-current circuits, the following approximate frequencies
are recommended as desirable :

25 ~ Or 30 ~ 40 ~ 60 ~ 120 ~@®

These frequencies are already in extensive use and it is deemed advisable
to adhere to them as closely as possible. ’

Overload Capacities. .

79. All guarantees on heating. regulation, sparking, etc., should apply to
the rated load, except where expressly specified otherwise, and in alter-
nating-current apparatus to the current in phase with the terminal E. M. F,,
except where a phase disglacement is inherent in the apparatus.

80. All apparatus should be able to carry a reasonable overload without
self destruction by heating, sparking, mechanical weakness, etc. and with
an increase of temperature elevation not exceeding 15° C, above those
specified for full loads. See Secs. 25 to 31.

81. Overload guarantees should refer to normal conditions of operation
regarding speed, frequency, voltage, etc., and to non-inductive conditions
in alternating apparatus, except where a phase displacement is inherent in
the apparatus,

82. The following overload capacities are recommended~

4 The frequency of 120~ may be considered as covering the already existing commercial fre-
quencies between 120~ and 140~, and the frequency of 6o ~ as covering the already existing com-
mercial frequencies between 6o ~ and 70 ~.
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1st. In direct-current generators and alternating-current generators;
25% for one-half hour.

2d. In direct-current motors and synchronous motors, 25§ for one-half
hour, 50f for one minute; except in railway motors and other apparatus
intended for intermittent service.

3d. Induction motors. 25% for one-half hour, 50% for one minute.

4th. Synchronous converters. s50% for one half hour,

sth. Transformers. 235% for one-half hour. Except in transformers con-
nected to apparatus for which a different overload is guaranteed, in which
case the same guarantees shall apply for the transformers as for the appar-
atus connected thereto.

6th, Exciters of alternators and other synchronous machines, 10% more
overload than is required for the excitation of the synchronous machine at
its guaranteed overload, and for the same period of time.

APPENDIX 1.

EFFICIENCY.

Efficiency of Phase-Displacing Apparatus.

In apparatus producing phase displacement as, for example, synchronous
compensators, exciters of induction generators, reactive coils, condensers,
polarization cells, ctc., the efficiency should be understood to be the ratio
of the volt-ampere activity to the volt-ampere activity plus power loss.

The efficiency may be calculated by determining the losses individuaily,
adding to them the volt-ampere activity, and then dividing the vo(-
ampere activity by the sum.

1st. In synchronous compensators and exciters of induction generators,
the determination of losses is the same as in other synchronous machines
under Sections 10 and 17.

2nd. In reactive coils the losses are molecular friction, eddy losses, and
I3rloss. They should be measured by wattmeter. The efficiency of
reactive coils should be determined with a sine wave of impressed E. M. F.,
except where expressly specified otherwise.

srd In condensers, the losses are due to dielectric hysteresis and leakage
and should be determined by wattmeter with a sine wave of E. M. F.

4th. In polarization cells, the losses *are those due to electric resistivity
and a loss in the electrolyte of the nature of chemical hysteresis and are
usually very considerable. They depend upon the frequency, voltage and
temperature, and should be determined with a sine wave of impressed
E. M. F., except where eapressly specified otherwise.

APPENDIX II.
Apparent Efficiency.

In apparatus in which a ggase displacement is inherent to their operation,
apparent efficiency should be undetstood as the ratio of net power output
to volt-ampere input.

Such apparatus comprise induction motors, reactive synchronous con-
verters, synchronous converters controlling the voltage of an alternatin
current system, self-exciting synchronous motors, potential regulators, anﬁ
open magnetic circuit transformers, etc.

Since the aﬂparent efficiency of apparatus generating electric power de-
pends upon the power factor of the load, the apparent efficiency, unless
otherwise specified, should be referred to a load power-factor of unity.

APPENDIX III.

Power Factor and Inductance Factor.

The power factor in alternating circuits or apparatus may be defined as
the ratio of the electric power, in watts, to volt-amperes.

The inductance factor is to be considered as the ratio of wattless volt-
amperes to total volt-amperes.
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Thus, if p = power factor, ¢ = inductance factor,
then P Hgr=1
(energy component of current or E. M. F.)
(total current or E. M. F.)

The power factor is the

and the inductance factor is the
(wattless component of current or E. M. F,) _ true power

(total current or E. M. F.) ~ volt,amperes.
Since the power-factor of apparatus supplying electric power depends

upon the power-factor of the load, the power-factor of the load should be
considered as unity, unless otherwise specified.

APPENDIX 1V,

The following notation is recommended :—
E. e, voltage, E. M. F., potential difference
J, 2, current

P, power

@, magnetic flux

®. magnetic density

R, r, resistance

X x, reactance

Z, 3, impedance

L, /, inductance

C, ¢, capacity.

Vector quantities when used should be denoted by capital italics.

APPENDIX V.

Table of Sparking Distances in Air between Opposed Sharp Needle-
Points, for Various Effective Sinusoidal Voltages, in inches and in centi-
metres.

Kilovolts Distance. Kilovolts Distance.

Sq. Root of Sq. Root of

Mean Square. Inches Cms. Mean Square. Inches Cms.
5 ©.57 6o 1.8
10 1.19 70 14.9
15 1.84 8o 18.0
20 2.54 . 90 21.8
25 3.3 100 24.4
30 41 110 27.3
35 5.t 120 30.1
40 6.2 130 32.9
45 .75 140 34
so 9.0 152 381
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