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PREFACE.

In the following volume an entirely practical treatise on
dynamo-calculation is developed, differing from the usual
text-book methods, in which the application of the various
formule given requires more or less experience in dynamo-
design. The present treatment of the subject is based upon
results obtained in practice and therefore, contrary to the
theoreticai methods, gsves such practical experience. Informa-
tion of this kind is presented in the form of more than
a hundred original tables and of nearly five hundred formulze
derived from the data and tests of over two hundred of the
best modern dynamos of American as well as European make,
comprising all the usual types of field magnets and of arma-
tures, and ranging in all existing sizes.

The author’s collection of dynamo-data made use of for this
purpose contains full particulars of the following types of con-
tinuous current machines:

American Machines.

Edison Single Horseshoe Type, . . . 20 sizes.
¢ TIron-clad Type, 2 O
(X3

¢ Multipolar Central Station Type AR
¢« Bipolar Arc Light Type, .
¢ Fourpolar Marine Type,
¢¢  Small Low-Speed Motor Type,
¢ Railway Motor Type,
Thomson-Houston Arc Light Type,

MW HOWHRp N

A0 ¢ Spherical Incandescent Type, 4

g $ Multipolar Type, b

& 5¢ Railway Motor Type, £
General Electric Radial Outerpole Type, . 12 ¢
Westinghouse Engine Type (‘‘ Kodak ”) g A
e Belt Type, : b s B

e Arc Light Type, . %ol

Brush Double Horseshoe (“Vlctorla %) Typc O £

103844
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Sprague Double Magnet Type, 3
Crocker-Wheeler Bipolar Motor Type,

] & Multipolar Generator Type,

Entz Multipolar Marine Type,

Weston Double Horseshoe Type, .
Lundell Multipolar Type, .

Short Multipolar Railway Motor ’lype
Walker Multipolar Type, X : 9

LEnglish Machines.
Kapp Inverted Horseshoe Type,

Edison-Hopkinson Single Horseshoe Type, .

Patterson & Cooper ¢ Pheenix ” Type, .
Mather & Platt ¢ Manchester ”’ Type,
Paris & Scott Double Horseshoe Type,
Crompton Double Horseshoe Type,
Kennedy Single Magnet Type,

‘“Leeds ” Single Magnet Type,
Immisch Double Magnet Type,

¢ Silvertown” Single Horseshoe Type,
Elwell-Parker Single Horseshoe Type, .
Sayers Double Magnet ‘I'ype,

German Machines.
Siemens & Halske Innerpole Type,

8 4 Single Horseshoe Type, .

Allgemeine E. G., Innerpole Type,

ol ¢ Quterpole Type,
Schuckert Multipolar Flat Ring Type,
Lahmeyer Iron-clad Type,

Naglo Bros. Innerpole Type,
Fein Innerpole Type,

¢ TIron-clad Type,

¢ Inward Pole Horseshoe 'Iype,
Guelcher Multipolar Type,
Schorch Inward Pole Type, . :
Kummer & Co. Radial Multipolar I‘ype,
Bollmann Multipolar Disc Type,

13

N
N

sizes.
13

€
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113
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French Machines.

‘Gramme Bipolar Type, . ; : ; . 3 sizes.
Marcel Deprez Multipolar Type, . ; R 2 g
Desrozier Multipolar Disc Type, . 3 1 size.
Alsacian Electric Construction Co. Innerpole
Type, ; ! X r 5 . i e
7

Swiss Machines.
Qerlikon Multipolar Type, . ; n . 4 sizes.
L0 Bipolar Iron-clad Type, . . vy it
6 Bipolar Double Magnet Type, R e
Brown Double Magnet Type (Brown Boveri

& Co.), . ; : s 1
‘Thury Multipolar Type : ; : . I size,
Alioth & Co. Radial Outerpole Type

(““ Helvetia ), s : . . R PT

12

In this list are contained the generators used in the central
stations of New York, Brooklyn, Boston, Chicago, St. Louis,
and San Francisco, United States; of Berlin, Hamburg, Han-
over, Duesseldorf, and Darmstadt, Germany; of London,
England; of Paris, France; and others; also the General
Electric Company’s large power generator for the Intra-
mural Railway plant at the Chicago World’s Fair, and other
-dynamos of fame.

The author believes that the abundance and variety of his
working material entitles him to consider his fdrmulae and
tables as universally applicable to the calculation of any
dynamo.

Although being intended as a text-book for students and
a manual for practical dynamo-designers, anyone possessing
a but fundamental knowledge of arithmetic and algebra will
by means of this work be able to successfully calculate and
design any kind of a continuous-current dynamo, the matter
being so arranged that all the required practical information
is given wherever it is needed for a formula.

The treatise as here presented has originated from notes
prepared by the author for the purpose of instructing his
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classes of practical workers in the electrical field, and upon the
success experienced with these it was decided to publish the
method for the benefit of others.

Since the book is to be used for actual workshop practice,
the formulz are so prepared that the results are obtained in
inches, feet, pounds, etc. But since the time is approaching
when the metric system will be universally employed, and as
the book is written for the future as well as for the present,
the tables are given both for the English and metric systems
of measurement.

As far as the principles of dynamo-electric machinery are
concerned, the time-honored method of filling one-third to
one-half of each and every treatise on dynamo design with
chapters on magnetism, electro-magnetic induction, etc., has
in the present volume been departed from, the subject of it
being the calculation and not the theory of the dynamo. For
the latter the reader is referred to the numerous text-books,
notably those of Professor Silvanus P. Thompson, Houston
and Kennelly, Professor D. C. Jackson, Carl Hering, and
Professor Dr. E. Kittler. Descriptions of executed machines
have also been omitted from this volume, a fairly com-
plete list of references being given instead, in Chapter
.XIV.

The arrangement of the Parts and Chapters has been care-
fully worked out with regard to the natural sequence of the
subject, the process of dynamo-calculation, in general, con-
sisting (1) in the calculation of the length and size of con-
ductor required for a given output at a certain speed; (2) in
the arrangement of this conductor upon a suitable armature;
(3) in supplying a magnet frame of proper cross-section to
carry the magnetic flux required by that armature, and (4) in
determining the field winding necessary to excite the magnet-
izing force required to produce the desired flux.

Numerous complete examples of practical dynamo calcula-
tion are given in Part VIIL, the single cases being chosen
with a view of obtaining the greatest possible variety of dif-
ferent designs and varying conditions. The leakage examples
in Chapter XXX. not only demonstrate the practical applica-
tion of the formule given in Chapters XII. and XIII., but
also show the accuracy to which the leakage factor of a
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dynamo can be estimated from the dimensions of its magnet
frame by the author’s formulze. :

A small portion of the subject matter of this volume first
appeared as a serial entitled ¢ Practical Notes on Dynamo
Calculation,” in the Zlectrical World, May 19, 1894 (vol. xxiii.
p. 675) to June 8, 1895 (vol. xxv. p. 662), and reprinted in
the Electrical Engineer (London), June 1, 1894 (vol. xiii., new
series, p. 640), to July 12, 1895 (vol. xvi. p. 43). This por-
tion has been thoroughly revised, and by considering all the
literature that has appeared on the subject since the serial
was written has been brought to date.

It has been the aim of the author to make the book thor-
oughly practical from beginning to end, and he expresses the
hope that he may have attained this end.

The author’s thanks are extended to all those firms who
upon his request have so courteously supplied him with the
data of their latest machines, without which it would not have
been possible to bring this work up to date.

Due credit, finally, should also be given to the publishers,
who have spared neither trouble nor expense in the production
of this volume.

ALFRED E. WIENER.
SCHENECTADY, N. Y.,

September 20, 1897,






PREFACE TO THE SECOND EDITION.

In preparing the second edition, it has been the aim to
bring this volume up to date in every particular. For this
purpose, data of the latest machines of the most prominent
manufacturers were procured by the author and compared
with the information given in the book. Since the practice
in regard to direct-current machinery has changed but little
during the past few years, however, only comparatively few
changes in the tables have been found necessary.

A number of new tables have been inserted, in order to
facilitate the work of the inexperienced designer to a still
greater extent. The most import of these additions to the text
are those to § 17 and to § 89. The new matter in § 17 gives
additional guidance in the selection of the conductor-velocity,
it having been found that too much uncertainty was formerly
left in the assumption of this most important factor. With
the added help, even a novice in dynamo designing is now
enabled to obtain a practical value of the conductor-velocity
for any kind of machine. Table LXXXIXa, § 89, serves to
check the design with respect to the relation between arma-
ture and field. By its use, the performance of a machine in
operation can be predicted, thereby avoiding the liability of
building a dynamo which would give trouble due to excessive
sparking. The importance of such a check will be appreciated
by designers who have had experience.

Other new matter has been added, referring to double-cur-
rent generators, multi-circuit arc dynamos, secondary gener-
ators, etc.

Besides these additions to the text, three appendices have
been added to the book. Appendix I. gives dimensions and
armature data of various types of modern dynamos, thus
affording to the student a means of comparing his results with
existing machines as he proceeds in the design. Appendix II.
contains wire tables and winding data necessary in determining

vii
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the windings of dynamos; these tables are added in order
to make the book complete in itself, the designer now having
close at hand all the necessary data referring to standard
wires, rods, cables, etc. Appendix III., finally, in which the
causes, localization, and remedies of the usual troubles oc-
curring in dynamo-electric machines are compiled, is given for
two purposes: first; to enable the designer, by calling his
attention to the ordinary short-comings of electrical ma-
chinery, to take such preventive measures in designing a
machine as will reduce the liability of trouble in operation to
a minimum, thus making his dynamo good in performance
as well as economical in operation; and second, to assist the
attendant of a dynamo plant in going about ina systematic
manner in finding the causes of troubles, so that, by their
prompt elimination, unnecessary delay or even a shut-down
may be obviated.

In conclusion, the author takes this opportunity to express
his sincere thanks to his professional confréres in this country
as well as abroad, for the encouraging comments on the first
edition of his book. A E. W,

BROOKLYN, November, 1901,



CONTENTS.

PAGE
LisT oF SyMBoLS, 3 y A S 4 5 . . t . XXV

Part I. Physical Principles of Dynamo-Electric Machines.

CHAPTER 1. PRrINCIPLES OF CURRENT GENERATION IN ARMATURE.

§
1. Definition of Dynamo-Electric Machinery, 3
2. Classification of Armatures, . ' 4
3. Production of Electromotive Force, 4
4. Magnitude of Electromotive Force, 6
5. Average Electromotive Force, 8
6. Direction of Electromotive Force, ] 1 9
7. Collection of Currents from Armature Coﬂ A s o T2
8. Rectification of Alternating Currents, 5 1 . . R &
9. Fluctuations of Commutated Currents, ! 14
Table I. Fluctuation of E. M. F. of Commutated
Currents, £ : 5 . 5 3 : . 19
CuaprTER II. THE MAGNETIC FIELD OF DyNAMO-ELECTRIC
MACHINES.
10. Unipolar, Bipolar, and Multipolar Induction, . 9 . .. 22
11. Unipolar Dynamos, . 5 : 5 o o . o . 23
12. Bipolar Dynamos, 5 o 3 . . 5 0 . . 26
13. Multipolar Dynamos, . 5 o o . . 33
14. Methods of Exciting Field Magnet:sm, X . . . . 35
a. Series Dynamo, . 5 g o o . . . 36
6. Shunt Dynamo, . : 37
Table II. Ratio of Shunt Resxstance to Armature
Resistance for Different Efficiencies, 3 . 40
¢. Compound Dynamo, a 3 . . o o as O
Part II. Calculation of Armature.
CHAPTER III. FunDAMENTAL CALCULATION FOR ARMATURE
WINDING.
15. Unit Armature Induction, . . 5 5 T .47
Table III. Unit Inductlon, 5 48

Table IV. Practical Values of Umt Armature
Inductions, 2 5 : 3 5 0 . 50



X CONTENTS.

16. Specific Armature Induction,
17. Conductor Velocity,
Table V. Average Conductor Ve]ocmes
Table Va. High, Medium, and Low Dynamo
Speeds, : ; "
18. Field Density, 4 :
Table VI, F1eld Densmes in Enghsh Measure
Table VII. Field Densities, in Metric Measure,
19. Length of Armature Conductor,
Table VIII. E. M. F. Allowed for Internal Resxst-
ances, §
20. Size of Armature Conductor,

CHAPTER IV, DIMENSIONS OF ARMATURE CORE.

21, Diameter of Armature Core,
Table IX. Ratio between Core Dxameter and
Mean Winding Diameter for Small Armatures,

PAGE
51
52

52a

526
s2d
54
54
55

56

58

59

Table X. Speeds and Diameters for Drum Arma-

tures,
Table XI. Speeds and Dlameters for ngh Speed
Ring Armatures, . .
Table XII. Speeds and Dlameters for Low-Speed
Ring Armatures, 2 3 c 3
22. Dimensioning of Toothed and Perforated Armatures
a. Toothed Armatures, . :
Table XIII, Number of Slots in Toothed Arma-
tures,
Table XIV. Specrﬁc Hystere51s Heat in Toothed
Armatures, for Different Widths of Slots,
Table XV. Dimensions of Toothed Armatures,
English Measure, :
Table XVI. Dimensions of Toothed Armatures
Metric Measure, . o : a
6. Perforated Armatures, s 2 4 5 5 3
23. Length of Armature Core, . ;
a. Number of Wires per Layer,
Table XVII. Allowance for D:vxs1on Strxps in
"~ Drum Armatures, . Hm g
4. Height of Winding Space, Number of Lay ers,
Table XVIII. Height of Winding Space in Arma—
tures, . . . .
Table XVlIlla. Data for Armature Binding,
¢. Total Number of Conductors, Length of Armature Core,
24. Armature Insulations,
a. ‘Thickness of Armature Insulatlons 2
Table XIX. Thicknessof Armature Insulatlon .

60
60
61
61
65
66
69
70
/X
71
72

72

73
74

75

75
76

78
82



25.

26,

27

28.

29.

30.
31.

32,

CONTENTS.

b. Selection of Insulating Material, . 5
Table XX. Resistivity and Specxﬁc Drsruptlve
Strength of Various Insulating Materials,

CHAPTER V, FINAL CALCULATION OF ARMATURE WINDING.

Arrangement of Armature Winding,
a. Number of Commutator Divisions, ;
Table XXI. Difference of Potential between Com-
mutator Divisions, ¢ b
6. Number of Convolutions per Armature Dlvrsron,
¢. Number of Armature Divisions,
Radial Depth of Armature Core Density of Magnetlc Lmes in
Armature Body, :
Table XXII, Core Densmes for Varlous Klnds of
Armatures, . .
Table XXIII. Ratio of Net Iron Sect1on to Total
Cross-section of Armature Core,
Total Length of Armature Conductor,
a. Drum Armatures,
Table XXIV. Ratxo between Total and Act1ve
Length of Wire on Drum Armatures,
4. Ring Armatures,
¢. Drum-Wound Ring Armatures 5
Table XXV. Total Length of Conductor on Drurn-
Wound Ring Armatures, : .
Weight of Armature Winding, o
Table XXVI. Weight of Insulatlon on Round
Copper Wire, . o 5 3 . : 5
Armature Resistance, . A

CuAPTER VI, ENERGY LOSSES IN ARMATURE. RISE OF
ARMATURE TEMPERATURE,

Total Energy Loss in Armature, s . . . .
Energy Dissipated in Armature \demg, .
Table XXVII. Total Armature Current in Shunt-
and Compound-Wound Dynamos,
Energy Dissipated by Hysteresis,
Table XXVIII. Hysteretic Resrstance of Varlous
Kinds of Iron, :
Table XXIX. Hysteresrs Factors for leferent
..Core Densities, English Measure,
Table XXX. Hysteresis Factors for Dlﬁerent
Core Densities, Metric Measure, .
Table XXXI. Hysteretic Exponents for Varxous
Magnetizations, .
Table XXXII. Variation of Hysteresrs Loss w1th
Temperature, 5 . 5 5 .

Xi
PAGE.
83

85
87
87

88.
89
90

Qo
0] 8
94
94
95
96
98
99

100

L 100

103.
102

107
108

109
109

III

113

115

116

118



xii CONTENTS.
§ PAGE
33. Energy Dissipated by Eddy Currents, 5 5 . STTH
Table XXXI1I, Eddy Current Factors for Differ-
ent Core Densities and for Various Laminations,
English Measure, 5 120
Table XXXIV. Eddy Current Factors for lefer-
ent Core Densities and for Various Laminations,

Metric Measure, . 3 : 4 3 3 .o 122

34. Radiating Surface of Armature, 3 3 ] 4 . 122

a. Radiating Surface of Drum Armatures, p 123
Table XXXV. Length of Heads in Drum Arma-

tures, . 124

4. Radiating Surface of Rlng Armatures § g . o 126,

35. Specific Energy Loss, Rise of Armature Temperature, . o 126
Table XXXVI. Specific Temperature Increase in

Armatures, . 3 L o 127

36. Empirical Formula for Heating of Drum Armatures . . 129

37. Circumferential Current Density of Armature, e 130

Table XXXVII. Rise of Armature Temperature
Corresponding to Various Circumferential Cur-

rent Densities, . s . 132

38. Load Limit and Maximum Safe Capamty of Armature i %h. 132
Table XXXVIII. Percentage of Effective Gap-

Circumference for Various Ratios of Polar Arc, 133

39. Running Value of Armatures, . 135
Table XXXIX, Runnmg Values of Varxous Kmds
of Armatures, 5 3 9 . ' . 136

CHArTER VII. MECHANICAL EFFECTS OF ARMATURE

‘WINDING.
40. Armature Torque, 3 g 5 < 5 . 137
41. Peripheral Force of Armature (,onductors . : . . 138
42. Armature Thrust, o ' 2 3 ” g 3 o . 140

CHAPTER VIII. ARMATURE WINDING OF DyNAMoO-ELECTRIC

MACHINES.
43. Types of Armature Winding, . 5 . 143
a. Closed Coil Winding and Open C011 Wmdmg, 5 . 143
4. Spiral Winding, Lap Winding, and Wave Winding, . 144
44. Grouping of Armature Coils, s 147
Table XL. Symbols for D1fferent Kmds of Arma-
ture Winding, o 150
Table XLI. E. M. F. Generated in Armature at
Various Grouping of Conductors, 5" 0 . I5I
45. Formula for Connecting Armature Coils, . 5 152

a. Connecting Formula and its Application to the leferent
Methods of Grouping, . 3 3 A . . . Is52



CONTENTS.

4. Application of Connecting Formula to the Various Prac-
tical Cases,
46. Armature Winding Data,
a. Series Windings for Multipolar Machlnes,

Table XLII. Kinds of Series Winding Possﬁ)le
for Multipolar Machines,

4. Qualification of Number of Conductors for the Varlous
Windings, 0

Table XLIII. Number of Conductors and Lon-
necting Pitches for Simplex Series Drum Wind-
ings,

Table XLIV, Number of Conductors and Con-
necting Pitches for Duplex Series Drum Wind-
ing, ;

Table XLV. Number of Conductors and Con-
necting Pitches for Triplex Series Drum Wind-
ings,

Example showmg use of Table XLIII

Example showing use of Tables XLIV. and XLV

Example of Multiplex Parallel Windings, .

CHAPTER IX. DIMENSIONING OF COMMUTATORS, BRUSHES, AND
CURRENT-CONVEYING PArTS oF DyNaMo.

47. Diameter and Length of Commutator Brush Surface,
48. Commutator Insulation,
Table XLVI. Commutator Insulatmn for Varxous
Voltages,
49. Dynamo Brushes, .
a. Material and Kinds of Brushes
6. Area of Brush Contact, !
c. Energy Lost in Collecting Armature- current Determlna-
tion of Best Brush-tension,
Table XLVII, Contact Resxstance and Fl‘lCthI’l
for Different Brush Tensions, .
s0. Current-conveying Parts, . 3 . 3 o 0
Table XLVIII. Current Densities for Various
Kinds of Contacts, and for Cross-section of Dif-
ferent Materials, . S 3 5 & S

CHAPTER X. MECHANICAL CALCULATIONS ABOUT ARMATURE,

sI. Armature Shaft, .
Table XLIX Value of Constant in Formula for
Journal Diameter of Armature Shaft, .
Table L. Value of Constant in Formula for Di-
ameter of Core Portion of Armature Shaft,

xiil
PAGE
153
155
155
156

157

159

160

162
158
162
167

168
170
171
171
171
174

176

179
181

183

184
185

185



xiv CONTENTS.

- Table LI. Diameters of Shafts for Drum Arma-
tures,
Table LII. Dlameters of Shafts for ngh Speed
Ring Armatures, . 5
Table LI1II. Diameters of Shafts for Low Speed
Ring Armatures, . g o
52. Driving Spokes,
53. Armature Bearings,
Table LIV. Value of Constant in Formula for
Length of Armature Bearings, ¢
Table LV, Bearings for Drum Armatures, .
Table LVI. Bearings for High-Speed Ring Arma-
tures, .
Table LVIIL. Bearmgs for Low Speed ng Arma—
tures, 5
54. Pulley and Belt,
Table LVIII. Belt Veloc1t1es of ngh Speed Dy-
namos of Various Capacities,
Table LIX. Sizes of Belts for Dynamos,

Part III. Calculation of Magnetic Flux.
CuarTeR XI. UseruL AND ToTAL MAGNETIC FLUX.

55. Magnetic Field, Lines of Magnetic Force, Magnetic Flux,
Field Density, . 3 A c 2 c . .
56. Useful Flux of Dynamo,
57. Actual Field Density of Dynamo
a. Smooth Armatures, .
6. Toothed and Perforated Armatures
58. Percentage of Polar Arc, g
a. Distance between Pole Corners,

Table LX. Ratio of Distance between Pole Cor-
ners to Length of Gap-Spaces for Various Kinds
and Sizes of Dynamos,

4. Bore of Polepieces,

Table LXI. Radial Clearance for Varlous Kmds

and Sizes of Armatures,
¢. Polar Embrace,
59. Relative Efficiency of ’VIagnetlc erld .

Table LXII. Field Efficiency for Varlous S1zes
of Dynamos, 8

Table LXIII. Variation of Fleld Eﬂic1ency w1th
Output of Dynamo, .

Table LXIV. Useful Flux for Varlous szes of
Dynamos at Different Conductor Velocities,

60. Total Flux to be Generated in Machine,

PAGE:
186
187

187
186
190

190-
191

192:

192:
191

193
194

199
200
202
204
205
207
207

208
209
209
210-
211
212

213

214
214



CONTENTS. XV

§ PAGE
CHAPTER XII. CALcuLATION OF LEAKAGE FACTOR, FROM
DiMENsIONs oF MACHINE.

A. Formula for Probable Leakage Factor.

61. Coefficient of Magnetic Leakage in Dynamo-Electric Machines, 217

a. Smooth Armatures, . Q 5 ¢ 3 N2

4. Toothed and Perforated Ar matures § 5 218
Table LXV. Core Leakage in Toothed and Per-

forated Armatures, . . ; . . 219

B. General Formula for Relative Permeances.

62. Fundamental Permeance Formula and Practical Derivations, 219

a. Two Plane Surfaces Inclined to each other, . 3 . 220
4. Two Parallel Plane Surfaces Facing each other, . . 220
¢. Two Equal Rectangular Surfaces Lying in one Plane, . 221
d. Two Equal Rectangles at Right Angles to each other, . 221
e. Two Parallel Cylinders, . g S 8 . 221
f. Two Parallel Cylinder-halves, . 2 . . . . 223

C. Relative Permeances in Dynamo-Electric Mackhines.

63. Principle of Magnetic Potential, 3 o 3 . o . 224

64. Relative Permeance of the Air Gaps, ; A 5 : . 224

a. Smooth Armature, . 224
Table LXVI., Factor of Fleld Deﬂectlon in Dy-

namos with Smooth Surface Armatures, . . 225

6. Toothed and Perforated Armature, . . 227
Table LXVII. Factor of Field Deﬂectlon in Dy-

namos with Toothed Armatures, o= o . 230

65. Relative Average Permeance across the Magnet Cores, . . 231

66. Relative Permeance across Polepieces, . ? 5 o . 238

67. Relative Permeance between Polepieces and Yoke, g . 244

D. Comparison of Various Types of Dynamos.

68. Application of Leakage Formula for Comparison of Various

Types of Dynamos, . . 3 o . . 248
(1) Upright Horseshoe Type 3 . 5 9 . 249
(2) Inverted Horseshoe Type, b g . g . 250
(3) Horizontal Horseshoe Type, . o 5 . . 251
(4) Single Magnet Type, d f o o . 251
(5) Vertical Double Magnet ’I‘ype o o . . 252
(6) Vertical Double Horseshoe Type, . : 5 . 252
(7) Horizontal Double Horseshoe Type, o 5 . 253
(8) Horizontal Double Magnet Type, . : . . 254
(9) Bipolar Iron-clad Type, . o . 3 o . 25§

(10) Fourpolar Iron-clad Type, 5 . . . S 225



xvi CONTENTS.
§ PAGE
CHAPTER XIII. CarcurarioN oF LEAKAGE FACTOR, FROM
MACHINE TEsT.

69. Calculation of Total Flux, . X . . 257
a. Magnet Frame Consisting of but One Ma.terlal 3 . 259
4. Magnet Frame Consisting of Two Different Materials, . 260
70. Actual Leakage Factor of Machine, > 0 g . 261
Table LXVIII. Leakage Factors 4 263

Table LXVIIIa. Usual Limits of Leakage Fac-
tor for Most Common Types of Dynamos, . 265

Part IV. Dimensions of Field-Magnet Frame.

CHAPTER XIV. ForMS OoF FIELD-MAGNET FRAMES.

71. Classification of Field-Magnet Frames, . . o o . 269
72. Bipolar Types, . 2 0 3 o 5 : a . . 270
73. Multipolar Types, X 5 . . 5 . g . . 279
74. Selection of Type, . . 285
Advantages and Dlsadvantages of Multlpolar Machmes, . 287
Comparison of Bipolar and Multipolar Types, . 5 . 287a
Proper Number of Poles for Multipolar Field Magnets, . 2875
Table LXVIIIs, Number of Magnet Poles for
Various Speeds, . c . 5 o o . 287¢

CHAPTER XV, GENERAL CONSTRUCTION RULEs.

75. Magnet Cores, . 2 5 5 3 S 5 o . . 288
a. Material, . g 2 s 5 : 3 . 0 . 288

4. Form of Cross-section, o 289

Table LXIX. Clrcumference of Varlous Forms of

Cross-sections of Equal Area, . c o . 29I

¢. Ratio of Core Area to Cross-section of Armature, . . 292

76. Polepieces, . . , 3 o z : s 3 o . 203
a. Material, . £ > . 2 5 5 5 o . 203

4. Shape, . 5 : 3 s 5 A 3 o . . 295

77. Base, . . . 5 . : a . o . . . 299
78. Zinc Blocks, . } : . . . . o : . . 300

Table LXX. Height of Zinc Blocks for High-
Speed Dynamos with Smooth Drum Armatures, 3or1
Table LXXI. Height of Zinc Blocks for High-
Speed Dynamos with Smooth Ring Armatures, 302
Table LXXII. Height of Zinc Blocks for Low-
Speed Dynamos with Toothed Armatures, . 302
Table LXXIII. Comparison of Zinc Blocks for
Dynamos with Various Kinds of Armatures, 303
79. Pedestals and Bearings, . 5 . . o o o . 303
80. Joints in Field-Magnet Frame, . 5 . . 5 . . 305
a. Joints in Frames of One Material, . o 5 . . 305



CONTENTS. xvil

§ PAGE
Table LXXIV. Influence of Magnetic Density

upon the Effect of Joints in Wrought Iron, 307,

6. Joints in Combination Frames, . = : 5 A . 306

CHAprTER XVI. CALcurAaTiON OF FIELD-MAGNET FRAME,

81. Permeability of Various Kinds of Iron, Absolute and Prac-

tical Limits of Magnetization, : 310
Table LXXV. Permeability of leferent Kmds of
Iron at Various Magnetlzahons, . 311

Table LXXVI. Practical Working Densmes and
Limits of Magnetization for Various Materials, 313

82, Sectional Area of Magnet Frame, ; 33
Table LXXVII. Sectional Areas of Fleld-Magnet
Frame for High-Speed Drum Dynamos, . 315
Table LXXVIII. Sectional Areas of Fleld-Magnet
Frame for High-Speed Ring Dynamos, . 315
Table LXXIX. Sectional Areas of Field- Magnet
Frame for Low-Speed Ring Dynamos, . 316
83. Dimensioning of Magnet Cores, . 3 3 o . . 316
a. Length of Magnet Cores, . o 316
Table LXXX. Height of W’mdmg Space for Dy-
namo Magnets, . 317
Table LXXXI. Dlmensmns of Cyllndrlcal Magnet
Cores for Bipolar Types, . 319
Table LXXXII. Dimensions of Cylmdrlcal Mag-
net Cores for Multipolar Types, . 320

Table LXXXIII. Dimensions of Rectangular
Magnet Cores (Wrought Iron and Cast Steel), . 321
Table LXXXIV. Dimensions of Oval Magnet

Cores (Wrought Iron and Cast Steel), . s 322

4. Relative Position of Magnet Cores, . 319
Table LXXXV. Distance between Cylmdrxcal

Magnet Cores, o 329
Table LXXXVI. D1stance between Rectangular

and Oval Magnet Cores, . . ; . . 321

84. Dimensioning of Yokes, N . . . . . : . 328

85. Dimensioning of Polepieces, . 325

Table LXXXVII, D1men51ons of Polepxeces for

Bipolar Horseshoe Type Dynamos, . g . 326

Part V. Calculation of Magnetizing Force.
CHAPTER XVII. THEORY OF THE MAGNETIC CIRCUIT.

86. Law of the Magnetic Circuit, . o : : . : . 331
87. Unit Magnetomotive Force. Relation between M. M. F. and
Exciting Power, . - ! 5 ! 3 5 5 . 332



xviii CONTENTS.

o
88.

89.

90.
9l
92.
93.

4.

95.
96.

97.

98.

99.

100.

PAGE
Magnetizing Force required for any Portion of a Magnetic
Circutt 2t : - 3 5 s s 5 J 5 339
Table LXXXVIII. Specific Magnetizing Forces,
in English Measure, . 336
Table LXXXIX. Spemﬁc Magnetlzmg Forces in
Metric Measure, . " : ] . . 337
CHAPTER XVIII. MAGNETIZING FORCES.
Total Magnetizing Force of Machine, . 5 339
Table LXXXIXa. Greatest Perrmssxble Angle of
Field Deflection and Corresponding Maximum
Ratio of Armature Ampere-Turns to Field
Ampere-Turns, . 3 3 . . : . 339a
Ampere-Turns for Air Gaps, . . 5 3 . 5 . 339b
Ampere-Turns for Armature Core, . : . . 5 . 3490
Ampere-Turns for Field-Magnet Frame, 3 . 344
Ampere-Turns for Compensating Armature Reactlons . 348
Table XC. Coefficient of Brush Lead in Toothed
and Perforated Armatures, s 350
Table XCI. Coefficient of Armature Reactlon
for Various Densities and Different Materials, 352
Grouping of Magnetic Circuits in Various Types of Dynamos, 353
Part VI. Calculation of Magnet Winding.
CuapTer XIX, Corr. WINDING CALCULATIONS.
General Formule for Coil Windings, . 359
Size of Wire Producing Given Magnetizing Force at Gwen

Voltage between Field Terminals, Current Densityin Mag-

net Wire, 3 5 5 ? ' ' A 5 5 . 363
Table XCII. Specific Weights of Copper Wire

Coils, Single Cotton Insulation, 5 : . 367

Heating of Magnet Coils, . o 368

Table XCIII. Specific Temperature Increase in

Magnet Coils of Various Proportions, at Unit
Energy Loss per Square Inch of Core Surface, 371

Allowable Energy Dissipation for Given Rise of Temperature
in Magnet Winding, . 3 2 J o o 0 5 . 370

CHArTER XX. SErRIES WINDING,

Calculation of Series Winding for Given Temperature In-
crease, 5 | 3 374
Table XCIV. Length of Mean Turn for Lylm-
drical Magnets, . 2 . 5 . 375

Series Winding with Shunt-Coil Regulatlon . . 5 . 375



I0I,

102,
103.

104.

105.

106.
107.

108.
109.

110.
III.

112,

1135
114.

CONTENTS. Xix
PAGE
CHaprTER XXI, SHUNT WINDING.

Calculation of Shunt Winding for Given Temperature In-
crease, 383
Computation of Remstance and Wexght of Magnet Wmdmg, 388
Calculation of Shunt Field Regulator, g . 390

CuarTER XXII. CoMPOoUND WINDING,
Determination of the Number of Shunt and Series Ampere-
Turns, p 3 > . . . 5 q : . 395
Table XCV, Influence of Armature Current on
Relative Distribution of Magnetic Flux, 398
Calculation of Compound Winding for Given Temperature
Increase, 399
Part VII. Efficiency of Generators and Motors;
Designing of a Number of Dynamos of Same
Type; Calculation of Electric Motors, Unipolar
Dynamos, Motor-Generators, etc.; and Dynamo-
Graphics.

CuarTeEr XXIII. EFFICIENCY OF GENERATORS AND MoTows.
Electrical Efficiency, . 405
Commercial Efficiency, 406

Table XCVI. Losses in Dynamo Beltmg, 409
Efficiency of Conversion, A 409
Weight-Efficiency and Cost of Dynamos, 410
Table XCVII. Average Weight and Welght Efﬁ-
ciency of Dynamos, 5 . . 412
CHAPTER XXIV. DESIGNING OF A NUMBER OF DyNAMOS OF
Same TyPpE.
Simplified Method of Armature Calculation, 413
Output as a Function of Size, . 5 5 o 5 . 416
Table XCVIII. Exponent of Output-Ratio in
Formula for Size-Ratio, for Various Combina-
tions of Potentials and Sizes, 417
CuaPTER XXV. CarcurartioN of ELEcTrRIC MOTORS.
Application of Generator Formulee to Motor Calculation, 419
Table XCIX. Average Efficiencies and Electrical
Activity of Electric Motors of Various Sizes, 422
Counter E. M. F., 5 423
Speed Calculatlon of Eleanc Motors, 424
Table C. Tests on Speed Varlatlon of Shunt
Motors, 7 5 J o . 427



XX CONTENTS.

§ PAGE.
1i5. Calculation of Current for Electric Motors, . & 3 st 2T
a. Current for any Given Load, . 2 427
6. Current for \Iaxlmum Commercial and Electrlcal Efﬁ-
ciency, . . . e e A2
116. Designing of Motors for leferent Purposes, T ¥ 429
Table CI. Comparison of Efficiencies of Two Mo-
tors Built for Different Purposes, . s . 430
117. Railway Motors, : 5 3 5 . g AT
a. Railway Motor Constructlon, A ? n o~ 4G
(r) Compact Design and Acce551b111ty, . X SN S0 32
(2) Maximum Output with Minimum Weight, . . 432
(3) Speed, and Reduction-Gearing, ’ . 433
Table CII. General Data of Railway Motors . 435
(4) Speed Regulation, . . SIRrs § 5 . 436
(5) Selection of Type, . . 437
4. Calculations Connected with Rallway Motor De51gn . 438
(1) Counter E. M. F., Current, and Output of Motor, 438
(2) Speed of Motor for Given Car Velocity, . b 439
(3) Horizontal Effort and Capacity of Motor Eqmp-
ment for Given Conditions, . 440
Table CIII. Specific Propelhng Power Re-
quired for Different Grades and Speeds, . 441
Table CIV. Horizontal Effort of Motors of Va-
rious Capacities at Different Speeds, . A2
(4) Line Potential for Given Speed and Grade, . . 442

CHAPTER XXVI. CALcULATION OF UNIPOLAR DYNAMOS.

118, Formuleae for Dimensions Relative to Armature Diameter, . 443
119. Calculation of Armature Diameter and Output of Unipolar
Cylinder Dynamo, 4 . 2 9 5 . 446
120, Formulee for Unipolar Double Dynamo ; 4 449
121. Calculation for Magnet Winding for Umpolar Lyhnder Dy-
Namos, = = 8 . : o 3 . 450

CuAPTER XXVII. CALCULATION OF DYNAMOTORS; GEN-
ERATORS FOR SPECIAL PURPOSES, ETC.

122. Calculation of Dynamotors, . : o . 452
123. Designing of Generators for Spec1a1 Purposes 0 . 455
a. Arc Light Machines (Constant-Current Generators), . 455
4. Dynamos for Electro-Metallurgy, . 0 : 5 . 429
¢. Generators for Charging Accumulators, . : 0 . 461
d. Machines for Very High Potentials, 5 . 5 462
¢. Multi-Circuit Arc Dynamos, . 5 o . ! 5 462a
/. Double-Current Generators, . H o o o . 4626
124. Prevention of Armature Reaction, . 5 . . c . 463

a. Ryan’s Balancing Field Coil Method, . . . . 464



CONTENTS. b 943

PAGE

* 4. Sayers’ Compensating Armature Coil Method, o o 1467

¢. Thomson's Auxiliary Pole Method, . 5 ¥ 3 . 469

125. Size of Air Gaps for Sparkless Collection, ] : g . 470

126. Irdn Wire for Armature and Magnet Winding, : g . 472

CHAPTER XXVIII, DyNnAMO GRAPHICS.

127. Construction of Characteristic Curves, . 476
Table CV. Factor of Armature Ampere-Turns for

Various Mean Full-Load Densities, . . . 480

Practical Example, s 481

128. Modification inthe Characteristic Due to Change of Alr Gap, 483
129. Determination of the E. M. F. of a Shunt Dynamo for a

Given Load, . - 4 5 A 5 g 5 = . 485

130. Determination of the Number of Series Ampere-Turns for a
Compound Dynamo, . 3 : : 5 . 486-
131. Determination of Shunt Regulators, g . 487
a. Regulators for Shunt Machines of Varymg Load . 487
Practical Example, . . . 488
4. Regulators for Shunt Machines of Varymg Speed . 490.
Practical Example, . 5 492

¢. Regulators for Shunt Machines of Varymg Load and
Varying Speed, : R p . 3 shaEi . 493
Practical Example, . 495

4. Regulators for Varying the Potent1a1 of Shunt Dynamos 496-
132. Transmission of Power at Constant Speed by Means of Two

Series Dynamos, . 497

133. Determination of Speed and Current Consumptmn of Rall-
way Motors at Varying Load, 5 6 5 0 & . 500~
Practical Example, ) s . g § . 50I

Part VIII. Practical Examples of Dynamo
Calculation.

CuarTEr XXIX. ExampLEs oF CALCULATIONS FOR ELECTRIC
GENERATORS.

134. Calculation of a Bipolar, Single Magnetic Circuit, Smooth
Ring, High-Speed Series Dynamo (10 KW. Single Magnet
Type. 250V. 40 Amp. 1200 Revs.), 5 503.
135. Calculation of Bipolar, Single Magnetic Clrcult Smooth
Drum, High-Speed Shunt Dynamo (300 KW. Upright
Horseshoe Type. 500 V. 600 Amp. 400 Revs.), 5 527"
136. Calculation of a Bipolar, Single Magnetic Circuit, Smooth
Drum, High-Speed, Compound Dynamo (300 KW. Up-
right Horseshoe Type. 500 V. 600 Amp. 400 Revs.), . 547
137. Calculation of a Bipolar Double Magnetic Circuit, Toothed
Ring, Low-Speed Compound Dynamo (s0 KW. Double
Magnet Type. 125 V. 400 Amp. 200 Revs.), . . . 552:



xxii CONTENTS.
§ PAGE
138. Calculation of a Multipolar, Multiple Magnet, Smooth Ring,.
High-Speed Shunt Dynamo (1200 KW. Radial Innerpole
Type. 10 Poles. 150 V. 8000 Amp. 232 Revs.), - 566
139. Calculation of a Multipolar, Single Magnet, Smooth Rlng,
Moderate-Speed Series Dynamo (30 KW. Single Magnet
Innerpole Type. 6 Poles. 600 V. 50 Amp. 400 Revs.), 580
140. Calculation of a Multipolar, Multiple Magnet, Toothed Ring,
Low-Speed Compound Dynamo (2000 KW. Radial Outer-

pole Type. 16 Poles. 540 V. 3700 Amp. 70 Revs.), . 587
Table CVI. Factor of Hysteresis Loss in Arma-
~ ture Teeth, . . : 592

141. Calculation of a Multipolar, Consequent Pole Perforated
Ring, High-Speed Shunt Dynamo (roo KW. Fourpolar
Iron-Clad Type. 200 V. 500 Amp. 600 Revs.), in Metric
Units, . 5 5 2 5 A : : . . . 603

CHAPTER XXX, ExaMPLEs OF LEAKAGE CALCULATIONS,
ELecTtric MoTOR DESIGN, ETC.

142. Leakage Calculation for a Smooth Ring, One-Material Frame,
Inverted Horseshoe Type Dynamo (9.5 KW. ¢ Phcenix”
Dynamo: 105 V. 90 Amp. 1420 Revs. ¥ . 614

143. Leakage Calculation for a Smooth Ring, One- Materlal Frame
Double Magnet Type Dynamo (40 KW. ¢ Immisch” Dy-
namo: 6g9o V. 59 Amp. 480 Revs.), . : 618

144, Leakage Calculation for a Smooth Drum, Combmatlon
Frame, Upright Horseshoe Type Dynamo (200 KW. ¢ Ed-
ison” Bipolar Railway Generator: 500 V. 4oo Amp. 450
Revs.), . 621

145. Leakage Calculatlon for a Toothed ng, One Materlal
Frame, Multipolar Dynamo (360 KW. ¢ Thomson-Hous-

ton” Fourpolar Railway Generator: 600 V. 600 Amp.
400 Revs.), . 624

146. Calculation of a Serles ’\'Iotor for (,onstant Power \Vork (In-
' verted Horseshoe Type. 25 HP. 220 V. 850 Revs.), . 628

147. Calculation of a Shunt Motor for Intermittent Work (Bipolar
Iron-Clad Type. 15 HP. 125 V. 1400 Revs.), . 637

148. Calculation of a Compound Motor for Constant Speed at
Varying Load (Radial Outerpole Type. 4 Poles. 75 HP.

440 V. oo Revs)), . . 644
149. Calculation of a Unipolar Dynamo (Cylmder Smgle Type
300 KW. 10V. 30,000 Amp. 1000 Revs.), . 652

150. Calculation of a Dynamotor (Bipolar Double Horseshoe
Type. 5% KW. 1450 Revs. Primary: soo V. 11 Amp.
Secondary: 110 V. 44 Amp.), . . R . . . 635



CONTENTS. Xxiil

AprpENDIX I. TABLES oF DIMENSIONS OF MoDERN DyNAMoOs.

TABLE

CVIL

CVIIL

CIX.

CX.

CXI.

CXII.

CXIII.
CXIV.

TABLE

CXV.

CXVI.
CXVIL
CXVIII.
CXIX.
CXX.
CXXI.
CXXII.
CXXIII.

CXXIV,
CXXV.
CXXVI

PAGE
Dimensions of Crocker- Wheeler Bipolar Medium-Speed

Ring-Armature Motors, . 664
Dimensions of £dZson Bipolar High- Speed Drum-Arma-

ture Dynamos and Motors, 3 665

Dimensions of Westinghouse Four-Pole Medlum and
High-Speed Drum-Armature. Dynamos and Motors, 666

Dimensions of General Electric Four-Pole Moderate and
High-Speed Ring-Armature Generators, 0 667

Dimensions of Crocker-Wheeler Multipolar Low
Medium and High-Speed Surface-Wound Ring-

Armature Dynamos, . o 668
Dimensions of General Electric Multlpolar Low Speed

Ring-Armature Generators, . c 5 . . 669
Ring-Armature Dimensions, . . . . . . 670
Drum-Armature Dimensions, . o 5 o o Sa 671

AprpENDIX II. WIRE TABLES AND WINDING DATA.

Resistance, Weight, and Length of Cool, Warm, and

Hot Copper Wire, . . . . 676-677
Data for Armature Wire (D. C. (, ), ! . . . 678
Data for Magnet Wire (S. C. C), . . . H . 679
Limiting Currents for Copper Wires, . 5 5 . 680
Carrying Capacity of Copper Wires, 5 5 0 . 681
Carrying Capacity of Circular Copper Rods, o . 682
Equivalents of Wires, . . . 5 . 684-685
Stranding of Standard Cables, o 5 . 686
Number and Size of Wires in Cable of leen Cross-

Section, . o 5 . 687
Size and Weight of Rubber-Covered Cab]es . . 688
Iron Wire for Rheostats and Starting Boxes, . . 689
Carrying Capacity of German Silver Rheostat Coils, . 6go

AppEnDIX I1I, LocaLizAaTiON AND REMEDY oF TROUBLES IN DyNAMOS

AND MoToRrs IN OPERATION.

Classification of Dynamo Troubles, 0 ! 5 . 5 . 695
1. Sparking at Commutator, . . o o 5 3 o . 695
Causes of Sparking, . o 5 5 5 o g 5 . 696
Prevention of Sparking, . . . . . . . . 696
Faulty Adjustment, . . ... . 696
Faulty Construction and Wrong Connectlo*x . o # . 697
WearandTear, . . . « « « o o o+ . 608

Excessive Current, . . 5 . . . . : . 699









XXVi LIST OF SYMBOLS.

aty,, = combined magnetizing force required for air gaps,
armature core, and reactions.

at, = magnetizing force required for magnet frame, normal
output.

at,, = magnetizing force required for magnet frame, open
circuit.

at,, at,, = magnetizing forces required for polepieces.

at, = magnetizing force required for compensation of armature
reactions.

at, = magnetizing force required to produce a reversing field
of sufficient strength for sparkless collection.

at,; = magnetizing force required for wrought iron portion of
magnetic circuit, normal load.

at,;, = magnetizing force required for wrought iron portion
of magnetic circuit, no load.

at,, at,, = magnetizing forces required for yoke, or yokes.

a = half pole-space angle (also angle of brush-displacement).

® = magnetic flux density in magnetic material, in lines per
square centimetre.

®" = magnetic flux density in magnetic material, in lines per
square inch.

®, ®', = average density of magnetic lines in armature core.

®Bapy By, = maximum density of magnetic lines in armature
core. -

®,yy ®',, == minimum density of magnetic lines in armature
core.

®.1, ®",;, = mean density of magnetic lines in cast iron portion
of frame.

®.s,®",, = mean density of magnetic lines in cast steel portion
of frame.

®, ®', = mean density of magnetic lines in polepieces.

®,,, ®’,, = maximum density of magnetic lines in polepieces.

®Bpy B",, = minimum magnetic density in polepieces.

®;, ®", = magnetic density in armature teeth.

®yi, B = magnetic density in wrought iron portion of mag-
netic circuit.

b = breadth, width.

b, = breadth of armature cross-section, or radial depth of
armature core.

4, = maximum depth of armature core.
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4, = width of commutator brush.
by = breadth of belt.
&, = circumferential breadth of brush contact.
b, = width of armature slot.
4’y = available width of armature slot.
4’y == width of armature slot for minimum tooth-density.
b5 = smallest breadth of armature spoke (parallel to shaft).
b, = width, at top, of armature tooth.
4'y = radial depth to which armature tooth is exposed to mag-
netic field.
4", = width, at root, of armature tooth,
b,= breadth of yoke.
f3 = angle embraced by each pole.
B, = percentage of polar arc.
', = percentage of effective arc, or effective field circum-
ference.
y = electrical conductivity, in mhos.
D, d, § = diameter.
D, = external diameter of magnet coil.
D, = diameter of armature pulley.
d, = diameter of armature core.
d', = mean diameter of armature winding.
4", = external diameter of armature (over winding).
d"', = mean diameter of armature core.
d, = diameter of armature bearings.
d, = diameter of core-portion of armature shaft.
dy = mean diameter of magnetic field.
dy, = diameter of front head of (drum) armature.
'» = diameter of back head of (drum) armature,
d, = diameter of commutator.
d,, = diameter of magnet core.
d, = diameter of bore of polepieces.
d, = diameter of car wheel, in inches.
d, = diameter of armature wire, in mils.
¢'y, = width of insulated armature conductor, in inches.
8", = height of insulated armature conductor, in inches.
¢, = pitch of conductors on armature circumference.
d; = thickness of iron lamina in armature core, in inches.
6, = diameter of magnet wire, bare, in mils.
6, = diameter of magnet wire, insulated, in mils,
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J, = diameter of series field wire.
0, = diameter of shunt field wire.
{d,)’ = sectional area of armature conductor, in circular mils.
{0.)"mm = sectional area of armature conductor in square
millimetres.
{0,,)" = sectional area of single armature wire, in circular
mils.
£, ¢ = electromotive force, or pressure, in volts. .
£ = normal E. M.'F. output, or voltage, of generator; ter-
minal E. M. F., or supply voltage of motor.
Z' = total E. M. F. induced in armature of generator; counter
E. M. F. of motor.
£, = total E. M. F. active in armature, on open circuit.
£, = total E. M. F. active in armature, at minimum load.
£, = total E. M. F. active in armature, at maximum load.
£, = E. M. F. between terminals of magnet winding.
£ = unit armature induction per pair of poles, volts per foot.
¢, = unit armature induction per pair of poles, volts per metre.
£ = specific induction of active armature conductor, volts per
foot.
£', = specific induction of active armature conductor, volts per
metre.
¢" = specific generating power of motor, 7 e., volts of counter
E. M. F., produced at a speed of 1 revolution per
minute.
¢, = volts generated per 100 conductors, per 100 revolutions
per minute, and 1 megaline of flux per pole.
= average volts between commutator segments per megaline
and per 100 revolutions per minute.
¢, = drop of voltage due to armature resistance.
& = factor of eddy current loss in armature, English measure
(watts per cubic foot).
& = factor of eddy current loss in armature, metric measure
(watts per cubic metre).
&, = eddy current constant.
F = magneto-motive force, in gilberts.
F, f = force, or pull, in pounds.
. F, = total peripheral force of armature, in pounds.
F', = peripheral force corresponding to safe working strength
of armature spokes, in pounds.

4
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F, = tension on tight side of belt, in pounds.

£, = pull at pulley circumference, in pounds.

/. = peripheral force per armature conductor, in pounds.

J/» = tension on slack side of belt, in pounds.

J» = horizontal effort, or draw-bar pull of railway motor.

Jx = specific tangential pull due to brush-friction, at 1000 feet
per second, in pounds per square inch of contact
area.

't = specific tangential pull due to brush-friction, at any
velocity, in pounds per square inch of contact area.

Jfi = armature thrust, 7. e., displacing force acting on arma-
ture due to unsymmetrical field. ;

@ = useful flux, 7 e, number of lines of force cutting arma-
ture conductors, at normal output.

@, = useful flux, 7 e, number of lines of force cutting arma-
ture conductors, at open circuit.

@' = total flux,-or total number of lines generated, at normal
output (maxwells).

Q" = total flux per magnetic circuit.

&', = relative efficiency of magnetic field (maxwells per watt of
output at unit conductor velocity).

£ = grade of railway track, in per cent.

J¢ = magnetic flux density in air, or field density, in gausses
(lines of force per square centimetre).

3¢ = field density, in lines of force per square inch.

3¢,, 3", = density on stronger side of an unsymmetrical field.

3¢,, 3’, = density on weaker side of an unsymmetrical field.

/% = height, thickness.

%, = total height of winding space in armature (depth of slots).

7'y, = available height of armature winding space.

/i, = thickness of belt, in inches.

/i, = radial height of clearance between external diameter of
finished armature and polepieces.

/%; = thickness of commutator side insulation, in inches.

/%'; = thickness of commutator bottom insulation, in inches.

%"y = thickness of commutator end insulation, in inches.

/tm = height of winding space on field magnets.

/', = net height of field winding,

/%, = height of polepieces.
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/s = smallest thickness of armature spoke (perpendicular to
shaft). '

/%y, = height of yoke.

%, = height of zinc block.

HP, p = horse power.

n = factor of hysteresis loss in armature, English measure
(watts per cubic foot).

n' = factor of hysteresis loss in armature, metric measure
(watts per cubic metre). "

7, = hysteretic resistance.

7. = commercial efficiency.

7, = electrical efficiency.

7e = gross efficiency, or efficiency of conversion.

Z, i = intensity of current, amperes.

Z/ = current output, or amperage, of generator; current sup--
plied to motor terminals.

1" = total current active in armature, in amperes.

Iy, Iy, . . . = currents flowing in coils 7, /Z, . . . of series
field regulator.

/1, = current in magnet winding, in amperes.

I, == total series current, in amperes.

I, = total shunt current, in amperes.

7, = current density in armature conductor, circular mils per
ampere.

7, = circumferential current density of armature (amperes per

unit length of core circumference).

#,, = current density in magnet wire, circular mils per ampere.

7, = current density in series wire, circular mils per ampere.

Z;, = current density in shunt wire, circular mils per ampere.

K, 2 = constants.

by, ky, ks, . . . = various constants depending upon material,.
manner of manufacture, and similar conditions.

L, I = length, distance.

L, = active length of armature conductor, in feet.

L, = effective length of armature conductor, in feet.

L,, = total length of magnet wire, in feet.

L, = total length of series wire, in feet.

L, = total length of shunt wire, in feet.

L, = total length of armature conductor.

Z, = length of armature core, in inches.
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", = length of magnetic circuit in armature core, in inches.

4, = length of armature bearings, in inches.

/'y, = length of gap between adjacent commutator brushes.

/, = total length of commutator brush contact surface.

/".;. = length of magnetic circuit in cast-iron portion of field
frame.

I"., = length of magnetic circuit in cast steel portion of field
irame.

/, = mean length of magnetic field.

I", = length of magnetic circuit in air gaps, in inches.

/, = length of drum armature heads.

5, = effective axial length of commutator brush contact sur-
face.

/, = length of magnet core, in inches.

/', = total length of magnet cores, in inches.

/", = total length of magnetic circuit in enti