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My invention relates to alternating-Current 
windings for dynamo-electric machines, and while 
it is not limited to any particular type of alter 
nating-current machine, it will probably find its 

5 broadest application in turbo-generators which 
are of relatively low voltage, that is, a voltage 
which is unusually low, considering the size and 
kilovolt-ampere rating of the machine. 

Heretofore, when it has been necessary to 
10 design. Such a machine for unusually low Voltages, 

it has been necessary to resort to delta connection 
of the Winding, which is less desirable than the 
usual star connection, and in extreme cases it 
has been necessary to resort to a design in which 

l5 only one conductor is placed in each slot, in 
Order to obtain the requisite low terminal voltage. 
The one-conductor-per-slot Winding is very 

objectionable from the design standpoint and is 
to be avoided whenever possible, for various 

20 reasons, including the additional expense of build 
ing the machine because of the special bending 
of the end-connections of the Winding and the 
excessive load loss which is usually incumbent. 
By “load loss', I means the extra losses due to 

25 load current other than the normal copper loSS. 
Most of this extra, loss is in the rotor member, 
some being, however, in the stator teeth, due to 
the special flux distribution obtained with the 
single-conductor-per-slot winding. These ex 

30 cessive losses mean lower efficiency, and in some 
cases a bigger machine. 

All low-voltage machines, that is, machines hav 
ing a voltage which is low for their size, have 
heretofore been designed to have as many cir 

35 cuits in parallel as there are pairs of poles, or 
double this number if the double capacity is 
needed, in order to avoid the high voltage which 
would be obtained With the Series connection of 
the circuits. Heretofore, however, no machine to 

40 my knowledge has been built having two parallel 
circuits per pole as distinguished from two parallel 
circuits per pair of poles. The reason for this is 
possibly to be found in the apparent impossibility 
of causing the respective voltages of the paralleled 

45 circuits to be exactly equal in both magnitude 
and phase, within the limits of a single pole. It 
has been, and still is, necessary to go through two 
electrical poles of the winding before it is possible 
to come out with two parallel circuits having 

50 voltages which are exactly matched in both phase 
and magnitude. 

According to my invention, I make a Special 
slot-arrangement of the paralleled windings in 
each pole, so that I can parallel them under each 
pole. 5 5 

(C. 11-206) 
By means of my invention, utilizing tWO 

parallels per pole, I obtain just half the voltage 
of the winding-arrangement utilizing two parallels 
per pair of poles. 

It is true that I cannot exactly balance both. 5 
the magnitude and the phase of the Voltages of 
the paralleled circuits, and hence I obtain cir 
culating currents in the two paralleled circuits. 
These circulating currents increase the losses in 
one of the circuits and decrease the losses in 10 
the other, the total effect being more losses than 
are obtained with two parallels per pair of poles, 
but I obtain a machine with only half the Voltage 
that it would have if the Windings Were 
paralleled per pair of poles rather than per pole. lis 

Moreover, I find that the heating effects in the 
paralleled winding-circuit Which contains the 
additional losses are intermediate between the 
total average percentage losses of the entire ma 
chine and the percentage losses in the particular 20 
circuit in question. This is because of the 
proximity of the other circuit, in which the losses 
are less than the normal load-current-responsive 
losses, due to the fact that the circulating current 
is bucking against the load current in this cir-25 
cuit. The conductivity of heat Within the na 
chine, from one winding-circuit to the other, is 
sufficiently good to give considerable gain as a 
result of this averaging effect. Thus it is possi 
ble to accommodate considerable circulating 30 
current without excessive temperature. 

Having established the fact, therefore, that the 
heating effects in my machine Will be reasonable, 
and assuming that it is necessary to provide a 
machine having half the voltage that would be 35 
obtained in the ordinary design utilizing star 
connected windings with two parallels per pair 
of poles, it remains to determine how my design 
compares in efficiency With other means for get 
ting the same low voltage. To change the wind- 40 
ing from star to delta, connection would reduce 
the voltage to only .577 times it former value, 
and would have the disadvantage of always hav 
ing some circulating current in the delta, such 
circulating current being quite excessive in some 45 
machines, and it would require Special equipment 
to provide a neutral connection which is required 
in many instances. If resort were had to a 
one-conductor-per-slot design, in Order to ob 
tain half of the voltage of the normal design, the 50 
losses would be higher than in my design and 
the winding would be much more expensive to 
build. Furthermore, by my design, I am enabled 
to get down to half the voltage which was pre 
viously possible in extreme cases, when both the 55 
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2 
delta connection and the one-conductor-per-slot 
design are resorted to, So that I can attain Volt 
ages which are lower than were previously pos 
sible, regardless of the efficiency. 
An important feature of my design is that I 

find it possible, by Simple expedients, to very 
greatly reduce the magnitude of the circulating 
currents which are obtained by reason of the 
potential-difference between the paralleled cir 
cuits. These circulating currents are limited 
by the impedance, which is almost entirely re 
actance, of the closed parallel circuit. Re 
actances are usually expressed, by the design 
engineer, in terms of the percentage of the rated 
(terminal) voltage of the machine Which is 
obtained when rated (full-load) current is passed 
through the reactance in question. When the 
two parallel circuits are connected in series rath 
er than in parallel, the equivalent reactance is 
quadrupled, So that the effective reactance 
against circulating currents is four times the 
load-current reactance, assuming that the re 
actance to load-current is the same as the re 
actance to circulating current in each of the 
individual circuits. I have found, however, that 
the effects of mutual reactance between the two 
circuits is to increase the circulating-curren, 
reactance, for some values of chording of the 
winding, and to decrease it for other Winding 
pitches, depending upon the manner in which 
coil-sides of different circuits are thrown into 
the same slot. Naturally, pitches giving a de 
creased circulating-current reactance are to be 
avoided, because this means more circulating 
current and more losses. It is also obviously 
possible to utilize small auxiliary reactances in 
series with the paralleled winding circuits, in 
order to supplement the circulating-current re 
actance where necessary, and the size and cost of 
such auxiliary reactances would not be exorbitant 

I have found it possible and preferable, how 
ever, to obtain all the circulating-current re 
actance necessary, by means of proper atten 
tion to the design, particularly to the pitch of 
the winding, or chording. 
In accordance with the design-principles here 

in-above outlined, therefore, I have found that 
it is not only practicable to utilize parallel 
ings between the winding-groups under each 
pole, even though the voltages are not exactly 
matched, but I have found that it is pref 
erable to do so, in lieu of other expedients which 
have heretofore been resorted to to obtain low . 
terminal voltages, such as the delta-winding 
connection and the one-conductor-per-slot de 
sign, and I have for the first time made it possi 
ble, by any means, to obtain a practical machine 
having a terminal voltage which is just half 
of the ultimate minimum of terminal voltage 
which was heretofore obtainable in any given 
size of machine. 
My invention is illustrated by way of example 

in the accompanying drawings, wherein: 
Figure 1 is a diagrammatic View Showing a 

development of the primary member, with the 
wiring for one phase of a three-phase, two-pole, 
48-slot generator with four parallel winding-cir 
cuits, or two parallels per pole; 

Fig. 2 is a sectional view of the developed pri 
mary winding of the same machine; 

Figs. 3, 4 and 5 are diagrammatic sectional 
views of the developed primary members of ma 
chines embodying modifications; and 

FigS. 6 and 7 are vector diagrams which Will 
be referred to in the description. 

2,015,562 
In Fig. 1, I have shown my invention as ap 

plied to a two-pole, four-circuit generator hav 
ing a field member which is diagrammatically 
indicated by north and South poles, N and S, 
and a primary or armature member consisting 
of a magnetizable core 3 having 48 slots 4, and 
a two-layer Winding consisting Of conductO's Or 
coil-sides 5 and end-connections 6. Only one 
phase as shown in Fig. i., fol' convenience of 
illustration, the coil-sides which lie in the bot- 0 
tons of the slots being indicated by shorter lines 
than the coil sides which lie in the tops of the 
slots. The conductors for all three phases are 
shown in Fig. 2. 
There are two circuits for each pole of the wind- l; 

ing, that is, for each 180 electrical degrees. The 
coil sides of the two circuits under pole No. 1 in 
the particular instance shown in the drawings are 
indicated by the letters at and b, respectively, and 
the coil-sides for the two circuits under pole No. 2 
2 are indicated by the letter's A and B, respec 
tively. In Fig. 2, Subscripts , 2, and 3 are added 
to indicate the three different phases. 

It will be noted that each of the coil-sides 5, 
whether of circuit-a or circuit-b, is in effect a 5 
single conductor, which means that it may be 
either a single solid conductor or it may be lami 
nated into a plurality of strands which may be 
transposed in position, in accordance With a Well 
known method, in order to reduce eddy-currents :: 
and to bring about a more effective utilization of 
the total cross-sectional area of the entire con 
ductor. It will be understood that the strands of 
each conductor, if stranding is utilized, are all 
connected together at their ends, so that, in effect, 
they collectively constitute but a single conductor 
Or CC-Side. 

It will be noted that each coil has two coil 
sides, and since the winding is a double-layer 
winding, that is, with one coil-side of each coil 40 
lying in the top of the slot and the other coil 
side of the coil lying in the bottom of another 
slot, there are obviously as many coils as slots, 
or 48, in the machine shown in Fig. l. Since there 
are two poles and three phases, this leaves 8 coils 45 
par phase per pole. 
According to my invention, there are two cir 

cuits per phase per pole, and each of these cir 
cuits consists of four coils connected in Series. 
The coil-sides per phase per pole fall into two 50 
groups of eight coil-sides each, the conductors a 
and b of the Several groups falling in the Seculence 
abbatabba, in each case. The general idea, is to 
choose the coil-sides, which lie in different posi 
tions with respect to the center-line of the group, 
So as to produce a minimum difference in voltage 
between the two circuits under each pole. 

Reference to Fig. 6 will give a better idea of how 
the voltages of the parallel circuits may be cal 
culated. This figure shows a simpler case in to 
which there are only four slots per phase per pole, 
instead of eight, the conductors being arranged in 
the order (Ibba. In a three-phase, two-pole ma 
chine, each phase belt will be 60° wide and the 
conductors will be disposed Symmetrically with 
respect to the axis 7 of the phase belt, or the 
center-line of the group Of coil-sides. The indi 
vidual Voltages ea, eb, eb, ea, induced in the four 
conductors abbot will be equal in magnitude but 
displaced in phase, the phase-displacement, in a 0 
two-pole machine, being commensurate with the 
Spacial displacement, giving the four voltages 
ea, eb, eb, ea, (Fig. 6). Since all the a-conductors 
are connected in Series, their voltages add, to 
give the circuit-C. resultant voltage Ea. In like 75 
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2,015,562 
manner, the Small Woltages eb add, to give the re 
Sultant circuit-b voltage Eb. The voltage-dif 
ference between the two circuits is (Ea-Eb). It 
is noted, in Fig. 6, that these resultant Voltages 
Ea and Eb are in phase coincidence With each 
other but slightly different in magnitude. 
In Fig. 7, I have shown the method of calcu 

lating the circuit-voltages in a design in Which 
there are six slots per phase per pole, in which 
the optimum arrangement of the coil-sides is in 
the order abbaab. The same vector designations 
are utilized as in Fig. 6, so that it is easy to See 
how the resultant voltages Ea and Eb are obtained, 
each voltage, in this case, being the resultant of 
three coil-side voltages, as indicated. It Will be 
noted, in this case, that the resultant voltages Ea 
and Eb are equal in magnitude, but slightly dis 
placed in phase, so that there is a slight Voltage 
difference (Ea-Eb) between them. 
In Fig. 3 I have shown, by way of example, one 

phase of one pole of a machine having six slots 
per phase per pole, in accordance with the Vector 
illustration in Fig. 7. 
The Windings shown in Figs. 1, 2, and 3 have 

been double-layer WindingS. 
in Fig. 4 I illustrate my invention as being 

applied to a single-layer Winding having but One 
conductor or coil-side in each slot. Here, there 
are only one-half as many coils as there are slots, 
because each coil-side occupies a whole slot rather 
than half of a slot. Fig. 4 illustrates a 48-slot, 
three-phase, two-pole machine With a single 
conductor-per-slot winding which Would consist, 
therefore, of only 24 coils. Only one phase and 
one pole is illustrated in Fig. 4. Although there 
are eight slots per phase per pole, the Same aS in 
Figs. 1 and 2, the fact that there are only four 
coils per phase per pole makes this machine equiv 
alent, in its vector diagram, to a double-layer 
winding in which there are four slots (or coils) 
per phase per pole, so that Fig. 6 shows the vector 
relations of the voltages induced in the coils 
of the respective paralleled circuits a1 and b1 in 
Fig. 4. 
There is a third type of winding to which my 

invention applies, in addition to the double-layer 
and Single-layer windings previously described, 
and that is What is knoWin as a fractional-slot 
Winding, which is a winding in which the number 
of slots per pole comes out a Whole numbei and 
a fraction, SO that it is necessary to go through 
tWo or more poles before any balanced group of 
coils is obtained. In that case, the balanced group 
of coils must be considered as the unit to which 
my invention is applied rather than the winding 
groupS corinprising one phase under each pole, 
as in the previous cases. 
Throughout this specification and in the ap 

pended claims utilize the term “phase-belt' to 
designate the units to which my invention ap 
plies, the Same consisting of one phase per pole in 
each case, except in the case of a fractional-slot 
Winding, When it consists of a balanced group 
including as many poles as may be necessary to 
make the number of slots in the group a whole 
number without any fraction. 

3 
Fig. 5 illustrates my invention as applied to 

a fractional-slot winding, in which the number 
of slots per phase per pole is 1%, So that the 
balanced group of coils embraces five poles and 
consists of a whole number (eight) Which is a 
multiple of the number of parallel circuits (two) 
into which the group is to be divided. In this 
case there are two parallel circuits of four coils 
each, in each balanced group of eight coils. 
Noting that the corresponding slots under each 
Successive pole are displaced 7/2 electrical de 
grees from those of the preceding pole, it will be 
seen that there are three groups or phases, each 
having eight different conductor-positions, or 
phase-positions, separated in phase by 7% -h. 
Some multiple of 180°, as seen, for example, in 
the conductors , 2, 3, 4, 5, 6, 7, 8. These 
conductors show the same sequence as the 
winding in Fig. 2, namely abbaabbc., showing the 
equivalence of the two phase-belts in Figs. 2 
and 5, respectively. 
The effect of chording must be considered, in 

its relation to the reactance of the winding, par 
ticularly the reactance to the circulating cur 
rents. It is desirable that this reactance shall 
be as large as conveniently possible, as it reduces 
the magnitude of the circulating currents, and 
reduces the extra, losses which are entailed by the 
subdivision of the winding into parallel circuits 
in each phase-belt, instead of parallel circuits 
for each pair of poles or phase-belts. I have also 
considered the slot reactances and voltage dif 
ferences as applied to various harmonics which 
may appear in the voltage-wave, and find that 
the heating effects of the circulating currents 
due to these harmonics are rather negligible. 
Confining our attention, therefore, to the fun 

damental voltage wave, the calculated effect of 
chording is indicated in Tables I, II and III for 
machines having eight, six and four slots (or con 
ductor-positions) per phase per pole, respec 
tively, and having different degrees of chording. 
The effect of chording on the circulating-cl:rrent. 
reactance is best indicated or measured by what 
I term a reduction-factor ratio K/k, where k is 
the ratio of the slot reactance of a chorded Wind 
ing to that of a full-pitch winding, for normal 
load-currents, and K is the ratio of the slot, 
reactance of a chorded winding to that of a full 
pitch Winding, for the circulating current caused 
by the difference in voltage between paralleled 
phase-belts. 
This ratio is applicable only to double-layer 

WindingS, as chording does not affect the reac 
tance of one-conductor-per-slot windings, be 
cause of the fact that each coil side lies in a sep 
arate slot. Fortunately, the slot, reactance is 
inherently high in one-conductor-per-slot wind 
ings, so that the problem of circulating currents, 
for any given potential difference between the 
paralleled circuits, is not as serious as in some 
double-layer windings. 
The reduction-factor ratios K/k: for various 

double-layer Windings are indicated in the foll 
lowing tables: 

TABLE I 

K/k for 8 slots (or conductor-positions) per phase per pole (or phase-belt) 
Coil pitch------------------------ 1024 
Klk------------------------------ 1.6 

11/24 
1.0 

1/2 
.0 

13/24 
1.0 

14/24 
60 

15/24 
.82 

2/3 
.0 

17124 
.72 

1824 
.23 

1924 
55 

21724 
.56 

22/24 23/24 
07 

576 
O .48 

1.0 
1.0 

O 
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2,015,562 
TABLE II 

Klk for 6 slots (or conductor-positions) per phase per pole (or phase-belt) 
Coil pitch------------------------------------------------- 7|18 || 8/18 1/2 10/18 11/18 213 13/18 14/18 5/6 16/18 17/18 1.0 

5 Kik------------------------------------------------------- 1.2 2.0 I.0 .80 .75 i.0 48 .60 .72 .27 39 .0 

TABLE III 
Klk for A. slots (or conductor-positions) per phase per pole (or phase-belt) 

l0 Coil pitch--------------------------------------------------------------------------------- 5/12 1/2 7I12 2/3 9/12 5/6 11/12 1.0 
Klk--------------------------------------------------------------------------------------- 1.25 1.0 .6 1.0 .70 .15 .33 1.0 

Any coil pitch, or chording, which gives a re- lating current caused by said difference in 
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duction-factor ratio KAk of .6 or more, will in gen 
eral be suitable for use with my invention, al 
though better results will be obtained, so far as 
reduction of circulating currents is concerned, 
with chordings which give the larger ratios. 
In FigS. 1 and 2, for example, I have shown a 

machine having eight slots per phase per pole, 
With a two-third pitch winding, giving a reduc 
tion-factor ratio of K/k, equal to 1.0, as shown in 
Table I. In Fig. 5 I have shown a machine having 
eight conductor-positions per phase-belt, chorded 
to 10/24 pitch, giving a reduction-factor ratio of 
K/k: equal to 1,6, as shown in the same table. In 
Fig. 3 I have shown a winding having six coils per 
phase per pole, with a chording of 8/18, which, a,c- 
cording to Table II, gives a reduction-factor ratio 
of K/k equal to 2.0. The Windings in FigS. 3 and 
5 have the optimum values of chording, from the 
standpoint of reduction of circulating currents. 
While I have illustrated my invention in several 

forms of embodiment, it will be obvious that it is 
by no means limited to the illustrated examples, 
as I have merely undertaken to Set forth the gen 
eral principles. I desire, therefore, that the ap 
pended claims shall be accorded the broadest 
construction consistent with their language and 
the prior art. 

I claim as my invention: 
1. A dynamo-electric machine having an alter 

nating-current winding and a multi-slot core 
therefor, said winding having a plurality of 
phase-belts, each phase-belt comprising a plural 
ity of parallel-connected circuits in different slots, 
each circuit comprising a plurality of coils con 
nected in series, each coil having two coil-sides, 
each of the coil-sides of any given circuit lying 
in a different slot, the number of coil-sides in each 
of said parallel-connected circuits being the same, 
and the disposition of the coil-sides with respect 
to the central axis of each phase-belt being such 
as to produce substantially the minimum possible 
voltage difference between the resultant gener 
ated voltages in the circuits connected together in 
parallel. 

2. A dynamo-electric machine having an alter 
nating-current winding and a multi-slot core 
therefor, said winding having a plurality of 
phase-belts, each phase-belt comprising a plural 
ity of parallel-connected circuits in different slots, 
each circuit comprising a plurality of coils Con 
nected in series, each coil having two coil-sides, 
each of the coil-sides of any given circuit, lying 
in a different slot, the number of coil-sides in each 
of said parallel-connected circuits being the same, 
the disposition of the coil-sides with respect to the 
central axis of each phase-belt being such as to 
produce substantially the minimum possible volt 
age difference between the resultant generated 
voltages in the circuits connected together in 
parallel, and the winding having such chording 
as to give a high reactance to the flow of circu 

Voltage. 
3. A dynamo-electric machine having an altel 

nating-current Winding and a multi-slot core 
therefor, said Winding having a plurality of phase 
belts, each phase-belt comprising a plurality of 
parallel-connected circuits in different slots, each 
circuit comprising a plurality of coils connected 
in Series, each coil having two coil-sides, each of 
the coil-sides of any given circuit lying in a dif 
ferent slot, the number of coil-sides in each of 
said parallel-connected circuits being the same, 
the disposition of the coil-sides with respect to 
the central axis of each phase-belt being such as 
to produce Substantially the minimun possible 
voltage difference between the resultant, gener 
ated voltages in the circuits connected together 
in parallel, and the winding having such chording 
as to give a reduction-factor ratio K/k of at least 
.6, Where k is the ratio of the slot reactance of 
a, chorded winding to that of a full-pitch winding, 
for normal load-currents, and K is the ratio of the 
slot reactance of a chorded winding to that of a 
full-pitch winding, for the circulating current 
caused by Said difference in voltage. 

4. A dynamo-electric machine having an alter 
nating-current double-layer winding and a multi 
slot core therefor, said winding having a plural 
ity of parallel-connected circuits per phase per 
pole, in different slots, each circuit comprising a 
plurality of coils connected in series, each coil 
having two coil-sides, each of the coil-sides of any 
given circuit lying in a different slot, the number 
of coil-sides in each of said parallel-connected 
circuits being the same, and the disposition of the 
coil-Sides With respect to the central axis of each 
phase-belt being such as to produce substantially 
the minimum poSSible Voltage-difference between 
the resultant generated voltages in the circuits 
connected together in parallel. 

5. A dynamo-electric machine having an alter 
nating-current double-layer winding and a multi 
slot core therefor, said winding having a plurality i 
of parallel-connected circuits per phase per pole, 
in different slots, each circuit comprising a plu 
rality of coils connected in series, each coil hav 
ing two coil-Sides, each of the coil-sides of any 
given circuit lying in a different slot, the number 
of coil-sides in each of said parallel-connected 
circuits being the same, the disposition of the 
coil-sides with respect to the central axis of each 
phase-belt being Such as to produce substantially 
the minimum possible voltage-difference between 
the resultant generated voltages in the circuits 
connected together in parallel, and the winding 
having such chording as to give a high reactance 
to the flow of circulating current caused by said 
difference in voltage. 

6. A dynamo-electric machine having an al 
ternating-current double-layer winding and a 
multi-slot core therefor, said winding having 
a plurality of parallel-connected circuits per 
phase per pole, in different slots, each circuit 
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2,015,562 
comprising a plurality of coils connected in series, 
each coil having tWO coil-sides, each of the coil 
sides of any given circuit lying in a different 
slot, the number of coil-sides in each of said 
parallel-connected circuits being the Sane, the 
disposition of the coil-sides with respect to the 
Central axis of each phase-belt being Such as 
to produce Substantially the minimura possible 
voltage-difference between the resultant gener 
ated Voltages in the circuits connected together 
in parallel, and the Winding having Such chord 
ing as to give a reduction-factor ratio K/k of 
at least 6, Where c is the ratio of the slot re 
actance of a chorded Winding to that of a full 
pitch Winding, for normal load-currents, and K 
is the ratio of the slot reactance of a chorded 
Winding to that of a full-pitch Winding, for the 
circulating current caused by said difference in 
Woltage. 

7. A dynamo-electric machine having a frac 
tional-slot, alternating-current Winding chaiac. 
terized by having a phase-belt comprising a plug 
rality of parallel-connected circuits in different 
slots, each circuit coinprising a plurality Of coils 
Connected in Series, each coil having tWO COil 
Sides, each of the coil-sides of any given circuit 
lying in a different slot, the amber of coil-Sides 
in each of said parallel-connected circuits being 
the same, and the disposition of the coil-sides 
With respect to the central axis of each phase 
belt, being Such as to produce Substantially the 
minimun poSSibie Woltage-difference between tie 
resultant generated Voltages in the circuit.S. Con 
nected together in parale. 

8. A dynamo-electric machine having a frac 
tional-slot alternating-current Winding charac 
terized by having a phase-belt comprising a plu 
raity of parallel-connected circuits in different 
slots, each circuit comprising a plurality of coils 
connected in Series, each coil having tWO coil 
sides, each of the coil-Sides of any given circuit 
lying in a different slot, the number of coil 
sides in each of Said parallel-connected circuits 
being the same, the disposition of the coil-sides 
With respect to the central axis of each phase 
belt being Such as to produce SugStaatially the 
minimum possible voltage-difference between the 
resultant generated Voltages in the circuits con 
nected together in parallel, and the Winding haW 
ing such chording as to give a high reactance to 
the flow of circulating current caused by Said 
difference in Woltage. 

9. A dynamo-electric machiae having a frac 
tional-slot alternating-current Winding charac 
terized by having a phaSe-belt comprising a plu 
rality of parallel-connected circuits in different 
slots, each circuit comprising a plurality of coils 
connected in Series, each coil having tWO coil 
Sides, each of the coil-Sides of any given circuit, 
lying in a different slot, the number of coil 
sides in each of said parallel-connected circuits 
being the Sane, the disposition. Of the COil-sides 
With respect to the Central axis of each phase 
belt, being Such as to produce SubStantially the 
minimum possible Voltage-difference betWeein. 
the resultant generated Voltages in the circuitS. 
connected together in parallel, and the Winding 
having such chording as to give a reduction 
factor ratio K/k of at least .6, where k is the 
ratio of the slot reactance of a chorded Winding to 
that of a full-pitch winding, for normal load-Cur 
rents, and K is the ratio of the slot reactance of 
a chorded winding to that of a full-pitch Wind 
ing, for the circulating current caused by Said dif 
ference in Woltage, 
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10. A dynamo-electric machine having an al 

ternating-current one-conductor-per-slot wind 
ing and a multi-slot core therefor, said winding 
having a plurality of parallel-connected circuits 
per phase per pole, in different slots, each cir- 5 
cuit comprising a plurality of coils connected in 
series, each coil having two coil-sides, the num 
ber of coil-sides in each of said parallel-con 
nected circuits being the same, and the disposi 
tion. Of the coil-Sides with respect to the central 10 
axis of each phase-belt being such as to produce 
gubstantially the minimum possible voltage-dif 
ference between the resultant generated volt 
ages in the circuits connected together in par 
allel. 5 

1. A dyna no-electric machine having an al 
terinating-Current Winding and a multi-slot core 
therefor, Said Winding having a plurality of 
phase-belts, each phase-belt comprising a plu 
rality of circuits in different slots, each circuit 20 
comprising a plurality of coils connected in se 
ries, each coil having two coil-sides, each of the 
COil Sides Of any given circuit lying in a differ 
ent Slot, the number of coil-Sides in each of Said 
circuits being the same, and the disposition of 25 
the COil-Sides With respect to the central axis of 
Said phaSe-belt being Such as to produce Sub 
Stantially the minimum possible Voitage-differ 
ence betWeein the reSultant generated voltages 
in the circuit.S of any given phase-belt. 30 

12. A dynaino-electric machine having an al 
ternating-current Winding and a multi-slot core 
therefor, Said Winding having a plurality of phase 
beitS, each phase-belt comprising a plurality of 
circuits in different slots, each circuit compris- 35 
ing a plurality of coils connected in series, each 
coil having two coil-sides, each of the coil-sides 
of any given circuit lying in a different slot, the 
number of coil-sides in each of Said circuits be 
ing the same, the disposition of the coil-sides 40 
With respect to the central axis of each phase 
belt being Such as to produce Substantially the 
minimum possible Voltage-difference between the 
resultant generated Voltages in the circuits of any 
given phase-belt, and the Winding having Such 45 
chording as to give a high reactance to the flow 
of Such circulating current as Would be caused 
by Said difference in Woltage. 

13. A dynamo-electric machine having an al 
ternating-current Winding and a multi-slot core 50 
therefor, said Winding having a plurality of phase 
belts, each phase-belt compilising a plurality of 
circuits in deferent slots, each circuit compris 
ing a plurality of coils connected in series, each 
coil having two coil-sides, each of the coil-sides 55 
of any given circuit, lying in a different slot, the 
number of coil-Sides in each of Said circuits be 
ing the same, the disposition of the coil-sides 
With respect to the central axis of each phase 
beit being Such as to produce Substantially the 60 
minimum possible voltage-difference between the 
resultant generated Voltages in the circuits of 
any given phase-belt, and the Winding having 
Such chording as to give a reduction-factor ra 
tio K/k of at least .6, where k is the ratio of the 
slot reactance of a chorded Winding to that of 
a full-pitch winding, for normal load currents, 
and K is the ratio of the slot reactance of a chord 
ed. Winding to that of a full-pitch Winding, for 
the circulating current that would be caused by 70 
said difference in voltage. 

14. A dynamo-electric machine having an al 
ternating-current Winding and a multi-slot core 
therefor, said Winding having two parallel-con 
nected circuits per phase per pole in different 75 
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slots, each circuit comprising a plurality of coils 
connected in Series, each coil having two coil 
sides, each of the coil-sides of any given circuit 
lying in a different slot, the number of coil-sides 
in each of said parallel-connected circuits being 
the same, and the disposition of the coil-sides 
being in the Order abbaabba, where the letter a 
indicates the coil-sides of one circuit, and the 
letter b indicates the coil-sides of the other cir 
cuit. 

15. A dynamo-electric machine having an al 
ternating-current winding and a multi-slot core 

2,015,562 
therefor, said winding having two circuits per 
phase per pole, in different slots, each circuit 
comprising a plurality of coils connected in Series, 
each coil having two coil-sides, each of the coil 
sides of any given circuit lying in a different slot, 
the number of coil-sides in each of said circuits 
being the same, and the disposition of the coil 
sides being in the order abbaabba, where the let 
ter a indicates the coil-sides of one circuit, and 
the letter b indicates the coil-sides of the other 10 
circuit. 

LEE. A. KILGORE. 


