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INTRODUCTORY.
08l

THE present treatise is the outcome of an investigation made a number of years ago, before the principles
of the armature winding of multipolar commutating dynamos were generally understood by electricians. At
that time it appeared that the demand for dynamos of greater current output could only be met satisfactorily
by dynamos of the multipolar type, since with bipolars beyond a certain output the number of commutator
segments compatible with freedom from sparking was found to be incompatible with the maximum armature
reaction which experience has shown to be permissible. ~After some study it was concluded the only feature of
the multipolar dynamo requiring special study was that of the armature windings.

A considerable number of diagrams were prepared and classified; the advantages and disadvantages of
each, and the comparative fitness of these windings for different purposes, noted. Inasmuch as it was found
convenient to refer to this data frequently, and on account of the comparative inaccessibility of such
information when in the form of notes, we decided that it would be a great convenience to electricians
generally if our notes were published in book form. We therefore proceeded to do this; but owing to the
intervention of certain circumstances contingent to our position in an industrial concern, it became necessary
to lay aside this work until those competent to judge of its nature should feel able to permit us to proceed as we
had wished. The delay has not been disadvautageous, since in the meantime we have not laid the work aside;
on the contrary, we have made a study of the properties of a number of the more important windings, so that
the original manuseript has been largely added to.

In the section on continuous-current armature windings our endeavor has been to include only those
windings that possess some practical merit, and we have frequently pointed out the advantages and disad-
vantages peculiar to certain classes of windings. The thought will probably occur to the reader, which one of
these windings should be selected for a given voltage after the number of poles and the magnitude of the
magnetic flux at the poles have been assigned a proper value. We cannot point out the fitness of each winding
for a given purpose, since this is more or less dependent upon the magnetic characteristics peculiar to any
particular design. Thus in some machines of particularly good characteristics two-circunit windings have been
used in the generation of comparatively large currents with some success, when had the magnetic charac-
teristics of the dynamos been ordinarily good, the use of the two-circuit winding would have been attended

with results entirely unsatisfactory.
xiii



X1v INTRODUCTORY.

In general, we may state, the type of winding should be determined with reference to the magnitude of the
current to be generated. Any deviation from a perfectly symmetrical arrangement of the armature conductors
shonld be inversely proportional to the magnitude of the currents to be generated. When the currents to be
generated are large, the coils should be similarly situated with respect to each other, and should all have the
same resistance and inductance. It has been frequently found that when the conductors are dissimilarly
situated with respect to each other or to any other body that can affect the armature conductors inductively,
the wearing away of the commutator is uneven, the trouble increasing more and more as the currents in the
conductors are increased, or the resistance of the collecting brushes diminished. Especially in armatures in
which there are more than two coils in a slot this nneven wearing away of the commutator has been noticed.
In this case the coils are of slightly unequal area, due to the progression of the winding from slot to slot.

In gramme windings the lack of symmetry may be due to some of the coils being longer than the others,
or carried near the spider arms.

It may, therefore, be stated generally that when a given result has to be obtained withont experimenting,
such windings as these are to be avoided when the currents in the conductors have to be of any considerable
magnitude.

The utility of the double, triple, and quadruple windings shown and described depends very largely upon
the maximum arc upon the commutator over which uniform contact resistance can be obtained. With the
thickness of segments now common in practice, only donble and triple windings appear to be of practical value,
since, in general, brushes cannot be relied upon to maintain a uniform contact over an arc of much more than
three-quarters of an inch in width. When the width of the brush has to exceed this amount, it is found that it
bridges imperfectly from commutator bar to commutator bar in the same winding, thereby causing sparking.

A feature peculiar to these windings, as well as to some of the two-circnit single windings, is that the
voltage between adjacent commutator sections is affected by the angular distance between the different sets of
collecting brushes. With some of these windings the voltage between adjacent commutator sections varies
simply according to the field strength when the angle between the different sets of brushes corresponds to the
angle between the centers of the poles. In other windings the voltage between adjacent commutator sections
varies by jumps, but may be made to vary according to the field s'trength by slightly varying the position of
some one set of brushes with respect to the other sets. This feature of the different windings is a subject for
special investigation, and is of more or less importance, according to the nature of the winding and the average
voltage between commutator bars.

We have frequently made mention of the number of slots. With respect to slotted armatures in general,
it is to be remembered that an additional condition to that for smooth-core armatures has to be fulfilled; 7.e. the
total number of the conductors to suit the equations for re-entrancy has to be divisible by the number of
conductors possible to place in a slot, this number being dependent upon the number of poles. The number of
conductors permissible per slot for two-circuit windings for different numbers of poles is shown in a table.

We have omitted any reference to mechanical details of construction of armature windings, since these
permit of great variety, without in any way modifying the results. Further, they are a part of the stock in
trade of the electrical manufacturer.

The drum windings considered are principally those in which the end connections arc interchangeable, and
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are in the form of evolutes, as in the Eickemeyer and Hopkinson windings, description of which will be found
in Weymoutl’s “ Drum Armatures and Commutators” (* The Electrician” Printing and Publishing Company,
London, 1893). In general, such windings possess the advantages that all coils are of equal inductance and
resistance, are equally accessible, have equal radiating surfaces, and are most easily repaired. When a coil
consists of a number of conductors, bound together so as to be considered a single unit mechanically, it is so
considered in the text, and in the formule for the arrangement of conductors.

These windings appear to have been invented by Bollmann, Desroziers, Fritsche, Pischon, Eickemeyer,
and others ; but inasmuch as it is a disputed question as to which of these inventors has the right to claim
priority, and as there may be more or less litigation before the question is settled, we have considered it best to
omit all discussion as to who may have invented any of the windings. Where with a winding is given the
name of a supposed inventor, it is simply because that winding has been known under that name, and not
because the writers possess any special evidence to show by whom the winding was invented. After the
possibility of litigation has ceased we hope to do justice to all inventors concerned, giving to each his proper
proportion of credit for the work he has done. ;

We believe that the tables-on drum windings are a feature that should meet with especial favor, since
after the number of conductors required for a given type of winding has been determined, the proper pitches
for any style of winding can be found in the tables. Further, by referring opposite to this number of con-
ductors in the different tables it may be ascertained at a glance whether, by slightly changing the end
connections, the winding may be adapted to some other voltage. Such features, peculiar to certain numbers of
conductors, ave frequently in practice of the greatest importance. As a practical exaniple take the following
case: In a six-pole machine with 104 armature conductors, the winding may be connected for a two-circuit
single winding by making the pitch 17 on each end, or for a two-circuit, doubly re-entrant double winding, by
making the pitch 17 on one end and 19 on the other; this second arrangement being suitable for the same watt
output as the first, at one-half the voltage.

In the section on alternate-current armature windings are included a number of windings that have now
only a limited application in practice, as it is thought that, on account of the very limited literature on this
subject, a deseription of all windings of any practical use will be appreciated.

With respect to the work in general, we should be glad to receive the suggestions and criticisms of all who
are interested in this subject.

The following articles on armature windings have been consulted in the preparation of this book, and are
mentioned here for reference : —

ArxoLp — Die Ankerwicklungen der Gleichstrom-Dynamomaschinen. Berlin, 1891.
Fritscue — Die Gleichstrom-Dynamomaschine. Berlin, 1889.

Kapp — Practical Electrical Engineering, Vol. II., p. 43. London, 1893.
KirrLEr — Handbuch der Elektrotechnik, Vol. I.  Stuttgart, 1892.
Recnuxiewskr — L’Electricien, Vol. V. Jan. 14, 1893 et seq. n"»gf. W, :f\“;‘»\,
Tuomrsox — Dynamo-Electric Machinery. London, 1892. ]
WeymouTit — The Electrician, Vol. XX¥. Nov. 7 to Dec. 19, 1890. .’ .\/
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CHAPTER 1.
SINGLE-WOUND GRAMME RINGS.

THESE are the simplest windings in use, and will require only a very few diagrams and explanations. Many
complex connections have been proposed, but only such forms will be discussed as are of general practical use.

The plain gramme ring, with a single winding, is shown in Figs. 1 and 2, from which it may be seen that
the construétion, as far as concerns location of coils, connectors, and commutator segments, is independent of
the number of poles. The number of coils should be a multiple of the number of poles in order to maintain
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Fig. [ Fig.2
FOUR-CIRCUIT, l’:’INGLB—-W]N]:NNG- TWO-CIRCUIT, glNGLB-MND]Nc,

symmetry among all the branches from brush to brush. The number of commutator segments is equal to the
number of coils. It is desirable to minimize the turns per coil, and consequently the inductance of the short-
Jcircuited elements, by as large a number of segments as practicable.

A further discussion of these two diagrams would be superfluous, beyond calling attention to the progressive
nature of the rise of potential around the ring, whereby the contiguouns wires have only the small difference
of potential of one turn, making the question of insulation very simple.
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FOUR CIRCUIT SINGLE WINDING
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SINGLE-WOUND GRAMME RINGS.

Figure 4 differs from Fig. 8 only in the use of two cross-
connecting leads instead of one. This diagram would some-
times be of advantage, inasmuch as it utilizes the available
space more completely and symmetrically. Each cross-
connecting conductor could be of smaller cross-section than
if only one were used.

Both this and the preceding method have the disadvantage
that the two parallel sections have unequal resistance, due to
one section having the long cross-connecting leads in series
with it, and the other merely the regular short leads to the
commutator.

Failure to give due attention to this point often causes
serious trouble.



ARMATURE WINDINGS OF ELECTRIC MACHINES.

Figure 5 gives a winding which is wrong, but which has
been given in the treatises of many of the specialists on
windings, none of whom, except Herr Arnold, criticise it.

The fault is that the positions of the coils bear such a
relation to the positions of their respective commutator seg-
ments, that during each revolution of the armature the
position given in the figure is the only one in which the
brushes are properly placed with 1'egard to the diameter of
commutation. In order that the brushes should always be in
a position to properly perform their commnutative function,
they would have to be revolved in a direction opposite to
that of the armature, and with a velocity equal to it.

The characteristic of the winding is that it brings together
into one segment each pair of cross-connected segments of
the previous diagram. As above stated, however, this dia-
gram is worthless, except to call attention to its character, so
that the text-books in which it is described shall not be mis-
leading.

See ArxoLp —Die Ankerwicklungen der Gleichstrom-Dynamoma-
schinen, Fig. 42.

KirrLEr — Handbuch der Elektrotechnik, 1892, Fig. 401 C.

FritscHE — Die Gleichstrom-Dynamomaschinen, Fig 64.

{crAP. I



7

1

10

8 L 8
7
‘:"ﬁ\‘
LB LA N
> T‘A‘

(UNIVE

s S .
Vi //}//?:7/,/////%;/;37//%/{4//////1 v :“ d 3 %
\\ YOR '
Fig.5 ) e

FOUR CIRCUIT SINGLE WINDING.



I
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CHAY. 1]

SINGLE-WOUND GRAMME RINGS.

In Fig. 6 the number of commutator segments is made
equal to half the number of coils by connecting two coils in
series between each pair of adjacent segments. The coils so
connected in series are situated in adjoining fields of opposite
polarity. This winding has the disadvantage that coils at
quite different potentials are adjacent, as may be seen by fol-
lowing through the various armature circuits from brush to
brush. This increases the difficulty of insulating. The volts
per bar also, for the same number of conductors per coil, are
twice as high as in the simple gramme ring. If it is necessary,
for any reason, 4o halve the number of bars, it would be pref-
erable to combine two adjacent coils into one, and retain the
advantages of the simple gramme ring connection.

But in cases where the shape of the frame necessitates
somewhat unequal magnetic circnits, this connection averages
up the unequal induction in the various coils, and therefore
tends to diminish the sparking which might, with a simple
gramme ring in such an unbalanced magnetic system, be
considerable.

If s=number of coils, and n=number of poles, then any

coil i1s connected across to one (—S-;t1> in advance of it, and
n

the two free ends of this pair of coils are conmected to
adjacent commutator segments.

11
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CHAP. 1.]

SINGLE-WOUND GRAMME RINGS.

Figure 8 represents a winding in which the coils of one circuit, from ’
brush to brush, instead of being adjacent to each other, are situated in
different fields. For instance, the circuits through the armature in the
position shown are, —

-{s 7 o+
{5 1 al+

It is important to note that when the armature has entered the posi-
tion in which four coils are short-circuited, the short-circuiting of any coil

occurs, not at any one brush, but through the pair of brushes of like polarity. _

This would enable sparking to be diminished by connecting the two positive
brushes together through a suitable resistance (ohmic or inductive), and lead-
ing off to the load from the middle point of this resistance. The magnitude
of the resistance, if ohmie, would be limited only by the permissible loss
therein. High resistance leads to the commutator, and high-resistance
brushes have been used with considerable success; but in both of these
cases heat has to be developed in undesirable localities. But in the above
method of connection, the insertion of this resistance‘externally to the
brushes will not increase the heating of the machine. This resistance is also
so located that it could be adjusted in experimental work, and the differ-
ence in sparking noted by having a short-circuiting switch shunted around
the resistance.

Another advantage of this winding is that pointed out in the remarks on
Fig. 6, that in cases where the shape of the frame necessitates somewhat
unequal magnetic circuits, this connection will average up the unequal
induction in the various coils, and thereby diminish the sparking that
would otherwise occur.

15



CHAPTER 1L
DOUBLE-WOUND GRAMME RINGS.

FiGURE 9 and the immediately following diagrams relate to a class of very great importanee, which
are known as double, triple, quadruple, etc., windings.

Very satisfactory results have been attained by the use of windings of this class. The most important
advantage of the double winding is that the current is commutated at two different parts of the bearing
surface of the brush; each independent volume of current being, therefore, only one-half of what it would
be for a single winding. The importance of this feature has in practice been found to be very great.

Another important feature of this winding is that the successive commutator bars of one winding are
not adjacent to each other, but alternate with the bars of the other winding; the two windings being put
in parallel by the use of wide brushes. The result is that a section is very unlikely to be short-circuited
by dirt or an arc. It also makes a very flexible winding, owing to the readiness with which any number
of parallels may be arranged. Thus, in a six-pole field, we may have four, six, eight, etec., parallels.

It is necessary for a double winding that the brush shounld bear over a surface greater than the width
of one segment (plus insulation); for a triple winding, greater than the width of two segments, etc.

In Fig. 9, which represents a two-circuit, doubly re-entrant, double-wound, simple gramme ring, the
circuits through the armature are, —

(9 10 1 2 3
—{s T } 4
—_— —_—
7. { s o) 1’ 2! 3’} i
L8 e 6 5 4!
After the armature has revolved through 23602=9°, coils 8 and 8 will be short-cirenited, and the
X
circuits through the armature will become, —
£ 0 T 10N limasip
AT AP W) et A
—_— —_—

_{9' 1|l R SR

T (R B S
Thus it will be seen that there will be a lack of balance between the two windings. First they will

be of equal length; after 9° revolution, one will have one less section in series between the brushes;

9° later they will be equal again; and after still another 9° the other winding will have the smaller

number of turns. This lack of symmetry will be less apparent as the number of sections is increased,

and becomes of very little importance with the large numbers of conductors employed in practical work.

16
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‘CHAP. 11.] DOUBLE-WOUND GRAMME RINGS.

Figure 10 shows a similar winding in a four-polc field.
The cireunit through the armature in the position shown is, —

- { 16 17 18 19 20

TS IR ¢ SR R | +
- { 16t . fEe 180 0" 197 0 400 +
1 S T ST, SR DA | &
—_— —

_{6 B A S

5 4 3 & TS gl 02
6' 7! 8 o' 10 +
|~ { ' 4! 3 2! 1’ )

5

After turning through 436)? g 4.5° coils 15/, 20', 5', and

10" will be short-circuited, and the cireuits through the arma-
ture will be, —

by {16 l=Ms " T8 %
oot 118, 1Y {2 Vi 4
o {16' r L R " i
s e 1ok 13
— L
= { 6 7 8 T - db
5 4 3 2 1 4
6! 7! 8/ 9! | sk
"{ 4 3 2 1

Here cau be seen again the lack of symmetry noted in re-
marks on Fig. 9.

19



20 ARMATURE WINDINGS OF ELECTRIC MACHINES. [emar. 11!

A very useful winding is that shown in Fig. 11. It, also, is a four-cirenit double winding. It is one
of a class with very interesting properties. It differs from the double winding shown in Fig. 10, in that
the two windings are components of one re-entrant system. Any one section is no longer exclusively an
element of one of two windings, but changes from one winding,to the other four times per revolution,
being short-cireunited at the neutral point for a brief period at the occurrence of each of these transfers.
These features are secured by adding one section to the doubly re-entrant double winding shown in Fig.
10, and, as in that figure, making the connections, not between adjacent sections, but always by passing
over one section. The number of sections being odd, it will be seen that after having progressed twice
around the ring, all sections will have been passed through, and the winding will have arrived at the
other terminal of the section from whieh it started.

Triple, quadruple, and higher orders of windings may be treated analogously.!

The circuits through the armature in the position shown in Fig. 11 are,—

ol 2T

(B S Tt -
e B L0 +

2o 19 1

- ——y

_{ § o~ 3805

4 3 L
. 2N +| &

0 Sl Y

Coil 10 is, at this instant, short-circuited. An instant later coil 10 becomes active, and eoil 2 becomes
short-circuited. The cireuits through the armature then become, —

(10 11 12
_{ : : Bk
a -+
3 +
L 20 19 1¢
—_— —
S 6 7f
: _{ ¢ :; S
‘ +
{18 +
15 14 1

The order in which the various coils will be short-eireunited is 10, 2, 15, 7, 20, 12, 4, 17, ete., so
that the 21 coils will each have been short-circuited once when the armature shall have revolved through
%4—0—=90°. Therefore the angular interval betwecen corresponding positions of two suceessive short

DS ey
circuits 18 21—4-28‘

1 Such windings will be designated as singly re-entrant, to distinguish them from others, such as those of Figs. 9 and
10, which are doubly re-entrant.
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ARMATURE WINDINGS OF ELECTRIC MACHINES.

All of the windings so far described have as many cir-
cuits through the armature as there are pole pieces, and
form a class by themselves known as multiple-cireuit wind-
ings. Four-pole fields have usually been considered, but
the modifieations of the diagrams and text to apply them
to larger numbers of poles, are obvious.

In general, the number of sets of brushes equals the
number of poles and the number of circuits through the
armature. Different numbers of segments and brushes are
due to modifications, and do not affect the underlying
character of the windings as a class. Some of these
modifieations have been described. Others can be worked
out as the occasion requires.

Too much importance cannot be attached to the general

| rule that interpolations and eross-eonnections are almost

t
| always very undesirable.

[cnar. 11



CHAPTER III.

TWO-CIRCUIT, SINGLE-WOUND, MULTIPOLAR RINGS.

THE next windings to be considered form a class which, independently of the number of poles, have |

only two circuits through the armature. These are known as two-circuit windings. Such windings possess

b5}
the practical advantage that the number of conductors, as compared with multiple-circuit windings, is only ﬁ
. 9
as great, hence the space required for insulation is only I—‘;f as great as with the multiple-circuit windings, in

consequence of which the diameter of the armatunre, or the depth of space occupied by the armature
conductors, may be less than with the multiple-circuit windings, thereby diminishing the cost of material.

Further, on account of the lesser number of conductors, the cost of the labor of winding is corre-
spondingly diminished.

In practice, the two-circuit gramme windings have been applied only to armatures of small output,
under which condition lack of symmetry of the armature coils with respect to the points of commutation
is not particularly objectionable. Only two sets of collecting brushes are neccessary for the collection of
current; in practice generally but two sets have been used.

In the ¢“short-connection”! type of two-circuit gramme windings, the circnits from brush to brush
consist of conductors influenced by all the poles, so that the electromotive forces generated in the two
circuits are necessarily equal, a feature that may prove advantageous when the depth of air-gap is so
small that any slight cccentricity of the armature affects the magnetic flux at the different poles.

In the *“long-connection” type of two-circuit gramme winding, the two circuits from brush to brush
consist of conductors influenced by only one-half of the poles, so that the electromotive forces generated
in the two circuits are unequal, unless the sum of the lines at the poles of the same sign is equal to the
sum of the lines at the poles of the opposite sign. In magnetic circuits of ordinarily good design this
condition is fulfilled even though the fluxes at the different poles are unequal. So the winding is prac-
tically as good as the ‘‘short-connection” winding, and possesses certain other advantages stated in the
text, that make its use preferable.

For armatures the outputs of which are so great that several sets of collecting brushes are required,
these windings possess the same disadvantages as two-circuit drum windings, a discussion of which is to
be found under that caption.

1 Called “sghort-connection” type because coils in adjacent fields are connected together. This distinguishes it from the
“long-connection ™ type, in which coils twice as far apart are connected together.

23



24 ARMATURE WINDINGS OF ELECTRIC MACHINES. [cuap. m1.

Figure 12 represents one of the most practicable two-cireuit windings for multipolar-ring armatures.
It may be designated as the long-connection type of the two-circuit gramme winding, and one of its chief
advantages is, that no great differences of potential exist between adjacent coils.

In the figure is shown the case of a four-pole, two-circuit, single-wound, long-connection ring armature.
In the position chosen, the circuits through the armature are, —

_[11 4 12 5 13 6 14
\r2 oo 15615 e

Coils 8 and 10, in series, are at this instant short-circuited by the negative brush. A little later, coils
7 and 15 will be short-circuited by the positive brush. When this occurs, the negative brush will bear upon
the middle of a segment.

The number of commutator segments is equal to the number of coils, and must be odd for armatures with
an even number of pairs of poles; but may be odd or even for armatures with an odd number of paiis of poles.
The relation that must subsist in two-circuit, multipolar-ring, long-connection windings, between the number
of coils (¢) and the number of poles (%), is,—

- }+——->-

n
= 1,
s 23/:!:

where y = pitch. (The pitch is the number of coils tp be advanced through in arranging the end connections.
In the diagram, for instance, the pitch y =7, and the end of coil 1is joined to the beginning of coil 1 47 =
8; the end of 8 to the beginning of 8 +7 =15; the end of 15 to the beginning of 15 + 7 = 22 (or 7), ete.)
Mr. Gisbert Kapp has prepared the following table for two-circuit, multipolar-ring, long-connection windings
by substituting numerical values for » in the above formula : —

Two-Circurr, MurrrroLar-Ring, Lone-CoxNEcTION VWINDINGS.

) MAcHINE 1AS
4 poles 6 poles 8 poles 10 poles 12 poles 14 poles
The number cof coils must be equal to 2y 31 3y+1 4y+1 S5y+1 6y+1 Ty+1

For two-circuit, multipolar-ring machines with long-connection windings, y, the pitch, may be any integer.
(Note that these conditions do not hold for drum windings.)

Mr. Kapp has also prepared the following table, showing the practicable choice of angular distances
between brushes in these two-eircuit, multipolar windings: —

NuMBER OF PoLEs. ANGULAR DISTANCE BETWEEN BRUSHES.
2 180
4 4 90
6 60 180
8 45 135
10 36 108 180
12 30 90 150
14 200 77 128 180
16 22.5 67.5 112 158
18- 20 60 100 140 180
20 g 54 90 126 162

The smaller possible angles, namely, 20° for 18 poles, and 18° for 20 poles, are in practice too small to be
admissible, and are, therefore, not given in the table.
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i 50-40-30-20-10-51-41-31-21-11-1-42-32-22-12

TWO-CIRCUIT, SINGLE-WOUND, MULTIPOLAR RINGS.

2"

/

Figure 13 represents a two-cireuit, single-wound, long-

eonnection, ten- -pole ring armature. Substituting in the
formula for the number of coils
= % i1

the piteh, y = 10, and the number of poles, n = 10, gives s =
10 .10+ 1=>51 or 49. 51 coils are taken in this case. The
end of eoil 1 is joined to the beginning of eoil 1+10=11;
the end of 11 to the beginning of 21, ete.

The brushes are shown 180° apart, and at the position
given the negative brush short-cireuits the eoils 9,19, 29, 39,
and 49. The circuits through the armature are, —

8-18-98-38-48- T-17-27-37-47-6-16-26-36—-46-5-15-25-35-45-4-14-24
-2-43-33-23-13-3-44-34

This diagram and table show very clearly that with an
odd number of pairs of poles and an odd nunber of coils, an
odd number of eoils are short-cireuited at one time, so that,
as the total number of coils is odd, an even number is left
to be divided between the two armature circuits, which are,
therefore, equal. Referring baek to Fig. 12, it will be seen
that in the case of an even number of pairs of poles, an even
number of coils are short-eircuited, and as the total number
of eoils is necessarily odd, an odd nnmber remains to be
divided between the two armature ecircuits, so that these are
necessarily unequal.
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ARMATURE WINDINGS OF ELECTRIC MACHINES. [euar. 11

If, however, in Fig. 13 the brushes are put 108° apart
instead of 180° ecoil 24 would be taken from the cir-
cuit given in the upper line of numbers and put in the
other circuit. There wonld then be 24 coils in one cirenit,
and 22 in the other, instead of 23 in both. With the large
number of coils used in practice, however, these stight in-
equalities cause no trouble.

If y were chosen odd, 9 for instanee, s would equal 46
or 44, i

§=2.y+1=10. 94 1-46 or 44

o3

This is in aceordance with the observation made above,
that in the case of an odd number of pairs of poles the
number of coils may be even. The diagram for this case
is given in Fig. 14, where s=46, n=10, y=9. In the posi-
tion shown, coils 8, 17, 26, 85, and 44 are short-cireuited
by the negative brush, and coils 31, 40, 3, 12, and 21 by the
positive brush. The circuits through the armature are, —

7-16-25-3443- 6-15-24-33-42-5-14-23-32-41-4-13-22

—_— i ——
{45-36—27-18~ 9-46-37-28-19-10-1-38-29-20-11-2-39-30 | ®

giving, as in Fig. 13, two equal paths through the arma-
ture.
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TWO-CIRCUIT, SINGLE-WOUND, MULTIPOLAR RINGS.

In Fig. 15 is given a winding that has been used in
practice with considerable success, owing partly, to the
extreme regularity of all connections, and still more to the
fact that it involves the use of twice as many commutator
segments as coils. Only one coil in series is short-circuited
at each brush, and the volts per scgment are one-half what
they would be in the unmodified long-connection winding.
The number of coils to be used is, as in the unmodified wind-

ing, s=§ y 1. Thus, in Fig. 15, n=4, y=9, s_Lé 9+1

=19. Coil 1 is connected to coil 10, ete.
3607
It will also be noted that those segments )—: from each

)

-

other are connected together. The number of segments=

0
g’ - s, of which g, at distances of | =, [ from cach other, are
8

connected together. If every other one of the radial connec-
tions from the coils to the commutator are discarded, the
winding becomes once more the plain, long-connection, two-
circuit, gramme winding.

At the position shown, coil 13 is short-circuited by the
negative brush, and the circuits through the armature are, —

3.12.2.11-1-10-19- 918
g - T SR IS Sl

AT —
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32 ARMATURE WINDINGS OF ELECTRIC MACHINES. [cmar. 1.

Figure 16 is an application of the same type of winding to a siz-pole gramme ring. n=6, y=6,
s=gy:};1=f2i +64+1=19. There are 19x§=57 segments. All segments distant from ecach other by

360 e iR
T=120° should be connected together. Some of the cross-connections are shown inside the armature.
9

-

At the position shown, coil 12 is short-cirenited by the positive brush. The circuits through the
armature are—
9-3-16-10-4-17-11- 5-18
{15—2- 8-14-1- 7-13-19- 6} 3
If the connections shown inside the commutator, together with one-third of the segments, had been
omitted, there would have been an unequal distribution of potential ahout the commutator. Between two
segments would be found a certain voltage, V', and between the next two 27V7; then 7~ again, etc.

If it should be desirable to diminish the number of commutator segments to one-half the number of
coils, it may be done by the method of connection shown in Fig. 17, page 34, which will be recognized at once
as the multipolar ring counterpart of the two-circuit winding as applied to multipolar drums. This winding
will be referred to as a “short connection,” two-circuit gramme winding. In the *“long-connection” type,
examples of which have just been given, connection has been made between coils situated in fields of like
polarity. But in the “short-connection” type, connection is made between coils in adjacent fields. Both
methods are feasible in ring windings, because the two ends of a coil located at a certain -point of the
periphery are accessible for connection at the commutator end if desired, but in drum windings only one
end of a conductor located at a given point of the periphery is accessible at the commutator end, the
other end of the conductor being necessarily connected across at the opposite end of the armature, and
in consequence, also, must be connected over to a conductor in an adjacent field of unlike polarity, in
order that the electromotive force, which is, say, from front to back in the fiist conductor, may add
itself to that in the second conductor, which must therefore be from back to front; that is, the second
conductor must be situated in a field of opposite polarity. Thus there are two sub-classes of two-circuit,
multipolar ring windings, in the first of which (the “long-connection” winding) coils in fields of like
polarity are connected in succession, and in the second of which, as in the two-circuit, multipolar drum
winding, the conductors immediately succeeding each other are situated in fields of opposite polarity.

In this “short-connection” winding for two-circuit multipolar rings the formula for determining the
proper number of coils, 8, for any number of poles, n, is —

8 =ny + 2,

where y, the pitch, may equal any integer, odd or even.

In connecting up this “short-connection ” type of winding the following additional rule should be borne
in mind in the interpretation and application of the meaning of the pitch, : The number of coils in this
winding, being from the formula always even, if » is also even, it is necessary in connecting up to use as the
pitch, alternately, (y — 1) and (y + 1) instead of always y. Otherwise, if the coils are nnmbered successively
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CHAP. IIL] TWO-CIRCUIT, SINGLE-WOUND, MULTIPOLAR RINGS. 35

from No. 1 on, the even-numbered coils would never be touched, if an odd-numbered conductor were started
with, and vice versa. If y were used every time as the piteh, a double winding would be obtained. This case
will be treated later.

It may also be well to note that (y — 3) and (y + 3) could be used alternately as the pitch. It is thought,
however, that no advantages, and several disadvantages, would result from such a choice of pitches.

Figure 17 represents a two-circuit, single-wound, four-pole ring of the “short-connection” type just
described.
n=4 y=8s=ny+2=4x8 +2=234.

This is the case referred to above, in which, s being even and also , (¥ — 1) and (¥ + 1) must be used alter-
nately as the pitch in connceting up. The sequence of connections will be secn in the figure to be 1,1+ 7 =8,
84+9.=1T7, 17 + 7 = 24, etc.

Number of commutator segments = 3t = 17.

In the position shown, coils 7, 14, 23, and 30, in series, are short-circuited at the negative brush, and the
circuits through the armature are, —

5-12-21-28- 3-10-19-26-1- 8-17-24-33- 6——ro

o {32—25—16— 9-34-27-18-11-2-29-20-13- 4-31-22-15

v —

There are 14 coils in one path and 16 in the other. A little later, coils 6, 33, 24, and 17y in series, will
be short-circuited by the positive brush, and coils 7, 14, 23, and 30 will take their place, the circuits through
the armature then becoming, —

7-14-23-30- 5-12-21-28-3-10-19-26-1- 8
32-25-16- 9-34-27-18-11-2-29-20-13-4-31-22-15

] v —
A further inspection of the diagram will show the unsymmetrical arrangement of the short-circuited and

adjacent coils, causing the induction in some coils to act in opposition to that in others with which it is in
series. This is less marked with large numbers of coils.

The chief disadvantages of the ‘short-connection” winding are that adjacent coils have between them,
periodically, the full E.M.F. of the armature, and that the end windings are complicated.




36

ARMATURE WINDINGS OF ELECTRIC MACHINES.

Figure 18 represents another two-circuit, single-wound,
“short-connection” gramme winding, in which s =ny + 2
=4 x 5+2=22. In this case y, the pitch, is odd, and con-
scquently the sequence of connections is 1, 14+5=6, 6+5
=11, 114+5=16, etc., thus advancing each time by 5, and
not, as in the case of Fig. 17, page 84, where y was even,
alternately by (y+1) and (y—1). Corresponding ends of
coils are connected together; thus, the end of 1 and the
end of 6, the beginning of 6 and the beginning of 11, cte.

At the position shown, coils 5, 10, 15, and 20 are
short-circuited by the negative brush, and the eircuits through
the armature are,—

22-17-12- 7-2-19-14- 9
3~ 8-13-18-1- 6-11-16-214

— - - —

The winding is subject to the disadvantages noted in
connection with Fig. 17, page 34.

Instead of having the objectionable- crossings at the ter-
minals of the coils, as shown in Fig. 18, page 37, alternate
coils should be wound right and left handedly. This would
only be useful in cases where all the connectihg is done
at one end, which should be avoided when possible.

[cnar. nir
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TWO-CIRCUIT, SINGLE-WOUND, MULTIPOLAR RINGS.

Instead of connecting together in pairs coils lying in
fields of opposite polarity, as in Figs. 17 and 18, adjacent
coils may be connected together as shown in Fig. 19, and
these connected across to coils in the nearest field of like
polarity. The number of commutator segments is equal to
one-half of the number of coils. The inherent identity of
this and the “long-connection” winding may be seen by
doing away with the leads to the commutator segments,
and substituting leads from the eleven points lettered a,
b, ¢, d, ete. The result will be a simple *long-connection”
gramme winding, with half as many coils of twice as many
turns each.

Therefore, the best way of laying out such a winding is

”

to apply the rules for the *“long-connection” winding, and
make the conncctions shown in Fig. 19, instead of those
of the regular “long-connection” gramme winding.

This winding gives half as many commutator segments
as coils.

In the position shown, coils 5, 14, 15, and 2 are short-
circuited by the positive brush, and the circuits through the

armature are, —

8-21-20-11-10- 1-22-13-12-3

i {9—18-19— 6 TAB— =

e —

-
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CHAPTER 1V.

TWO-CIRCUIT, MULTIPLE-WOUND, MULTIPOLAR RINGS.

THE next class is that of the two-circuit, multiple-wound, long-connection ring windings

The general formula is, —

n
8= § X y :t m,
where
& = number of coils,
n = number of poles,
y = pitch,

m = nunber of windings.
The “m” windings will consist of a number of independently re-entrant windings equal to the greatest

common factor of “y” and “m.” .
Therefore, when it is desired that the “m” windings shall combine to form one re-entrant system,

it will be necessary that the G.C.F. of “»” and “m” shall be made equal to 1.
Figure 20 represents a two-circuit, doubly re-entrant, double-wound ring armature.
8=26, n=4, m=2.

Xy £+ m, 26=%xy+2, < y=12.

8§ =

[ SIS

Greatest common factor of ¥ (12) and m (2) is 2. Therefore the winding will be doubly re-entrant.
At the position shown, coils 24 and 12, in series, are short-circuited by the negative brush. The circunits

through the armature are, —
[ s {25—13—1—15~3—17—} 3
26-14-2-16-4-18—
— —
i . {10—22—8—20—6-—-—} 3
11-23-9-21-7-19-5
40
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TWO-CIRCUIT, MULTIPLE-WOUND, MULTIPOLAR RINGS.

Figure 21 represents a two-circuit, singly re-entrant,
double-wound ring armature.

In this case y=11, n=4, and m=2. s=4§x11+2=20
or 24. 24 coils are taken. G.C.F. of “y” and “m” being
1, the winding is singly re-entrant.

In the position given, coils 9 and 22 are short-circuited
at the negative brush, and 4 and 15 at the positive. The
circuits through the armature are, —

= {20—7—18—5—16——‘} +1
21-8-19-6-17—
- >
o { 11_24-13_2_—} +J
10-23-12-1-14-3

43
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Fig. 23
TWO CIRCUIT, TRIPLE WINDING.
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Figure 23 represents a two-circuit, singly re-entrant, triple winding.
m=3, n=4, y=10, 8=—%X10 +3=23.
“m” and “y" being prime, the winding is singly re-entrant.

In the position shown, coils 5 and 15, in series, are short-circuited by the positive brush. The circuits
through the armature are, —

22-9-19-6-16
= Al L S
g g Sy
—_—
19529
= &1 Tl i Gl
10-23-13-3

The extremc irregularity of the various circuits in multiple is not characteristic of the winding, but is
merely due to the very small number of coils chosen. In practical cases it would be negligible.

From the formula and conditions of page 40, and from the examples just given, it will be seen that two-
circuit, multiple-wound, ring windings may be divided into the three following cases: —

CAsE I.—“y” and “m’ are mutually prime. This gives a singly re-entrant winding of “m ” multiple
windings. i

INlustration: — n=4, y=1, m=4, s=4xT7+4=18,

Connections are, — 1-8-15-4-11-18-7-14-3-10-17—6-13-2-9-16-5-12-1.

May be expressed symbolically as Qo).

Case II.—“y” a multiple of “m.” This gives “m” independently re-entrant windings.

ITlustration : — n=4, y=8, m=4, s=4 x8+4=20.

Connections are, — 1- 9-17-5-1341
2-10-18-6-14-2
3-11-19-7-15-3
4-12-20-8-164
May be expressed symbolically as O O O O.
Case IIl.—“y»” and “m” have common factors. This gives a number of independently re-entrant
windings, equal to the greatest common factor of «“»” and “m.”
Illustration : —
n=4, y=6, m=4, s=4x6+4=16.
The result is a two-circuit, quadruple winding with two independently re-entrant windings, because 2 is the
greatest common factor of “ y and “m.”
The connections are, —
1-7-13-3-9-15-5-11-1 and 2-8-14-4-10-16-6-12-2
May be expressed symbolically as @ @.
Case II. is really a special instance of Case III.
The above formula and controlling conditions will be found to hold for all numbers of poles, coils, pitches,
and windings of the two-circuit, long-connection type of gramme-ring armature windings.






Fig. 24
TWO CIRCUIT, TRIPLE WINDING.
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CHAPTER V.
DRUM ARMATURE WINDINGS.

IN drum windings, all connections from bar to bar must
be made upon the rear and front ends exelusively, it not
being practicable to bring connections through inside from
back to front as is the ease with rings. Consideration of
this limitation will show that the two sides of any oue coil
must be sitnated in fields of opposite polarity, so that the
eleetromotive forees, generated in the aetive eonductors of a
coil by their passage through their respective fields, shall be
in the same direction.

In the case of a drum, it should also be noted that a coil
is linked with the whole or nearly the whole flux from one
pole piece, instead of, as in the ring armature, with only one-
half of the flux.

BIPOLAR DRUM WINDINGS.

The winding of bipolar armatures is much less simple in
the case of drums than in that of rings, and it will therefore
be necessary to give considerable attention to the various
methods in which sueh windings may be carried out.

61
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ARMATURE WINDINGS OF ELECTRIC MACHINES. [cuar. v.

Figure 25 represents essentially the winding devised by von Hefner-Alteneck. It is used chiefly for
small, smooth-core, wire-wound armatures, and the element of the winding, represented in the diagram by a
pair of face conductors, and a back connection consists usually, in practice, of a coil of several turns, eompar-
able in some respects to the coil of the ring windings; but in the diagram only one turn per coil will be
shown. This will also be advantageous, inasmueh as large, iron-clad, bar-wound, multipolar drum armatures
are derived from, and diagrammatically are very analogous to, the wire-wound, smooth-core armatures now
under consideration.

An examination of Fig. 25 shows that, starting from a commutator segment, the winding proeceeds over
the front end to conductor No. 1; down No. 1 over the back to conduetor No. 8, which, it should be noted,
is adjacent to the econduector diametrically opposite No. 1. From No. 8 the winding returns to the next
commutator segment, and is then carried to eonductor No. 8 (skipping No. 2, whieh will later be joined
over the back to a conductor almost diametrically opposite to it), down No. 3, over the back to No. 10, ete.
From this it is seen that the « pitch” on the back end is 7 and on the front end is —5.

In the position shown, the cireuits through the armature are, —

10- 3-8- 1- 6-15

3 _{ 7149 ={GSI =D

+ —

The coil represented by the conductors 13 and 4 is short-circnited at the positive brush, and coil 12-5 at
the negative brush.

The eustomary convention is adopted in the diagram, @ 1ndlcutmg a current from the observer into
the paper, and @ a current up out of the surface of the paper toward the observer.

A serious fault of this winding is that large differences of potential exist between adjacent conductors (or,
usually, groups of conductors). This would be of no importance with the small munbers of conductors
represented in these diagrams, but in actual cases, large numbers of conductors are used, and are placed
close together in order to waste no available space.
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Fig. 26
TWO CIRCUIT, SINGLE WINDING.
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Figure 26 gives the diagram of a winding discussed by
Swinburne. Its characteristie feature is the use of a small
pitch (in the figure the pitch at the back end is 11, and at
the front end it is —9), whereby the turns consist of con-
duetors separated by a much smaller angular distance than
m the von Hefuer-Alteneek winding.

An advantage of this winding is that there is much less
crossing of the end eonnections than is the case where the
piteh is taken larger. Thus the difficult question of insula-
tion at the ends of the armature is greatly simplified.

Still further, it has been pointed out by Swinburne that
the demagnetizing effect of the armature on the field is
redueed, as may be seen from the fact that the currents in
the conductors in the demagnetizing belt between the pole
tips, namely, 23, 24, 25, and 26, and in 7, 8, 9, and 10, are
alternately in opposite directions, and thus neutralize each
other.

A serious disadvantage is that the short-circuited coils,
6-27 and 11-22, are eonsiderably removed from the neutral
line. This, together with the fact that the counter-electro-
motive forces present in several eonductors of the eircuit
between brushes detraet from the volts per unit of length of
armature wire, reduees to rather small limits the extent to
which such eonneeting over short chords should be earried.

In the position shown, the circuits through the armature
are, —

20- 9-18- 7-16- 5-14- 3-12- 1-10-31- 8-29

13-24-15-26-17-28-19-30-21-32-23- 2-25- 4} *

—~ -
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In Fig. 27 it will be seen that the number of coils is odd
(in the two preceding diagrams it was even), with the result
that the two active sides of such coils may now be diametri-
cally opposite.

This would not, however, usually be advisable, as it
makes many more crossings at the ends, and therefore in-
creases the difficulty of insulating.

Some advantage results from bringing the short-circuited
coil (in the figure, coil 24-9 is short-circuited by the nega-
tive brush), exactly in the neutral line, this being, of course,
only possible when the conductors forming its active sides
are diametrically opposite.

The circuits through the armature in the position shown
are, —

22- 7-20- 5-18- 3-16-1-14-29-12-27-10-25

11-26-13-28-15-30-17-2-19- 4-21- 6-23- 8} i)

A {
The pitch on the back end is 15, and on the front end it
is —13.
Owing to the number of segments being odd, only one
coil is short-circuited at once, unless wide brushes arc used.
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DRUM ARMATURE WINDINGS.

In Fig. 28 there is also an odd number of coils (and
therefore an odd number of commutator segments). But
instead of connecting over the back from No. 1 to No. 16
(the conductor diametrically opposite No. 1) as in Fig. 17,
connection is made over the back from No. 1 to No. 14,
then over the front to No 3, etc, the pitch at the back
end being 13, and on the front end —11. It is, therefore,
a mild form of the Swinburne chord winding, as described
in connection with Fig. 26. The end connections are
better distributed and have fewer crossings than was the
case in Fig. 27, where diametrically opposite conductors
were connected into coils.

In the position shown, coil 22-9 is short-circuited at
the negative brush, and the circuits through the armature
are, —
11-24-13-26-15-28-17-30-19- 2-21- 4-23- 6
20- 7-18- 5-16- 3-14- 1-12-29-10-27- 8-25

b+ —
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ARMATURE WINDINGS OF ELECTRIC MACHINES.

In Fig. 29 the winding is carried on over a still shorter chord, the pitch
at the back end being 11 and at the front end —9.

It is very instructive to compare Figs. 27, 28, and 29, all of which have
30 face conductors (15 coils). But in Fig. 27 diametrically opposite con-
ductors are connected over the back, the back pitch being 15. Figure 28
is a weak chord winding, the back pitch being 13. I‘igure 29 is a decided
chord winding, the back pitch being 11. The points to be compared arc
the positions of the short-circuited conductors with reference to the neutral
line ; the amount of neutralizing of the effect of the demagnetizing belt
between pole tips, and the comparative amount of crossing of connectors
at the ends.

In Fig. 27 it was shown that diametrically opposite conductors could
be connected into coils if the number of coils were chosen odd.

The same object may be attained with an even number of coils by
winding them in two layers instead of in one layer, as has been the case
in all the heretofore described bipolar drum armatures.

It should be again noted that the term ¢conductors’

’ is used in these

explanations, although ¢groups of conductors’ could often be substituted
therefor in small, smooth-core, wire-wound armatures.

Thus the set of ‘“one-layer windings,” just described, are those in
which “conductors” or ¢“groups of conductors” are, in the completed
winding, arranged in one layer, although the individual wires of such a
group may optionally occupy one or several layers. In the same way,
the two-layer windings now to be described are those in which the com-
pleted winding consists of “conductors” or ¢“groups of conductors”
arranged in two layers, although the actual depth of individual wires
may, when desirable, be greater than two.

[cuar. v,
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CHAP. V.]

DRUM ARMATURE WINDINGS.

In Fig. 30, diagrams e and b represent a single-layer
bipolar drum winding with an odd number of coils, in
which diametrically opposite conductors are connected
together into coils. In diagram-.a the first half of the
winding is carried out and proceeds from a commutator
bar to conductor No. 1, to 8, to 3, to 10, to 5, to 12, to T,
to 14, and is then ready for the second half. It will be
seen that at this stage only every other coil is connected
up, and that only one-half of the commutator segments
arc utilized. Diagram & shows the winding completed.
This winding, which is of the type shown in Fig. 27, is
given here for comparison with the two-layer winding
shown in diagrams ¢ and d. In Fig. ¢ it will be seen
that the first half is exactly the same as the first half
of the one-layer winding (except that it contains eight
conductors instead of seven), and at the completion of
the first half all the conductors of the lower layer are
connected up in the order 1-9-3-11-5-13-7-15, and only
one-half of the commutator segments are connected in.
The coils remaining for the second half, instead of lying
between those of the first half, occupy an outer layer.
Diagram d shows the completed winding, with all the
coils and commutator segments utilized.

ijxvr"
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ARMATURE WINDINGS OF ELECTRIC MACHINES.

Figure 31 represents a two-layer winding with thirty-two eonduetors,
with diametrically opposite conduetors connected into ecoils over the
baek end.

These back-end conneetions are not shown, because they would interfere
with the elearness of the diagram. The eonneetions are 1-17-3-19-5-21,
etc. In the position shown, coil 25-9 is short-eircuited at the negative
brush and 26-10 at the positive brush, and the eircuits through the
armature are, —

23~ 7-21- 5-19- 3-17-1-16-32-14-30-12-28

11-27-13-29-15-31-18-2-20- 4-22— 6-24- 8 } s

— -

It will be seen from this table that maximum differenee of potential
exists between conduectors lying directly over each other in different
layers, sueh as 27 and 28, or 7 and 8. But adjacent conductors have
only small differences of potential; therefore, the two layers should be
carefully insulated from each other.

It is an advantage to have the eonductors 25-9 and 26-10 of the two
short-circuited coils all situated on one diameter, as they may therefore
be brought diametrical, and therefore are eapable of being short-eircuited
more nearly in the neutral position.

A disadvantage of the winding is that, one-half being wound exclu-
sively in the lower layer and the other half in the upper, they have

unequal lengths and different peripheral speeds, and in those reeurring -

positions in which the two circuits through the armature consist respeet-
ively of the lower and the upper layer, the condition will be unbalanced.

In practice, however, it is frequently found expedient to use this con-
nection because of the easc of winding, the inequality being made as
small as possible. It will be shown later how this inequality may be
obviated; the winding will be, however, less easy to execute.

(cuar. v.



Fig.31
TWO CIRCUIT, SINGLE WINDING.
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DRUM ARMATURE WINDINGS.

In Fig. 32 the winding is of the Swinburne type, being connected over the ends
along a short chord. Thus, starting from a commutator segment, it passes down
No. 1, over the back to No. 13, over the front to No. 3, and so on through 3, 15, 5,
17, 7,19, 9, 21, 11, 23 ; but coming over the front from 23 it would naturally go to
13 of the lower layer. This, however, is already used, so the winding continues by
No. 14, which is directly over No. 13 in the top layer, and then on through 25-16-
27-18-20-20-31-22. From 22 it would naturally go to No. 1, but, as the winding
is not yet completed, it must go instead to No. 2, which is directly over No. 1, and
then proceed from 2 through 24-4-26-6-28-8-30-10-32-12, and then it closes on
itself at No. 1. This ‘winding is not at all difficult, because, although the lower
layer is not entirely completed before beginning to wind the upper layer, yet in that
part of the armature on which it is desired to wind the upper layer, the lower layer
is entirely completed, and for quite a distance beyond, so that there would be no
trouble in inserting the necessary insulation, ete.

In the position shown, coil 28-8 is short-circuited at the positive brush, and coil
23-11 at the negative brush. It is a disadvantage to have the short-circuited coils
so far from the neutral line.

The circuits through the armature in, the given position are, —

21- 9-19- 7-17- 5-15- 3-13-1-12-32-10-30

il { 14-25-16-27-18-29-20-31-22-2-24~ 4-26- 6

+ —

It will be seen that in this armature there can be no position in which one layer
belongs exclusively to ome circuit and the other to the other circuit. Therefore
the discrepancy in lengths and peripheral speeds of the two cireuits through the
armature will, at the most unfavorable moment, be less than when diametrically
opposite conductors are connected into coils. The winding has, in common with all
chord windings, the advantage of less crossings of the end connections. The diagram
shows particularly well the absence of demagnetizing action in the zone of con-
ductors between pole tips.

If, in Fig. 32, page 66, conductor No. 1 had been connected over the back to
No. 15 instead of to No. 13, it would still have been a chord winding, but with
somewhat less marked characteristics than that of Fig. 32. All the advantages and
disadvantages would have been on a smaller scale.
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ARMATURE WINDINGS OF ELECTRIC MACHINES.

Figure 33 represents a winding in which coils of the
outer and inner layer are alternately connected. The rear-
end connections are not drawn, but are diametrical. Thus
the series is 1-15-4-18-5-19-8-22-9-23-12-26-13-27-16-2—
17-3-20-6-21-7-24-10-25-11-28-14-1.  This makes bhoth
circuits through the armature of very nearly equal length
and of very nearly equal average peripheral speed.

In the position shown, coil 21-7 is short-circuited by the
positive, and 22-8 by the neg<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>