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UNITED STATES PATENT OFFICE.

TAMES BURKE, OF EEIE, PEWNSYLVANIA, ASSIGNOR TO PURKE ELECTRIC COMPANY,

A CCRPORATION OF PENNSYLVANIA.

DYNAMO-ELECTRIC MACHINE,

.. To all whom it may concern:

Be it known thiat I, JaAmes BUrkE, a citi-
zen of the United States, residing at Iirie,
in the county of Erie and State of Penn-

_syivania, have invented certain. new and

useful Improvements in Dynamo-Electric

~ Machines, of which the following is a full,

10

clear, and exact specification. .
My invention relates to dynamo electric

-machines and particularly to a method of

and means for generating current for sup-
plying a three wire direct current system
of distribution. : '

. In my pending application. Serial No.

15

20

25 -

30

355,564, filed February 4, 1907, which has

.matured into Patent No, 893,979, granted

July 21,1908, I have described a method and
means for generating current for such a sys-
tem and my present invention relates toifur-
ther improvements upon the invention dis

~ closed in said application. :

My invention will be understood from the

following description - and - accompanying

drawings, in which-— i

- Figures 1 and 2 are diagrams for explain-
ing my invention; Figs. 8 to 7 are diagrams
showing various embodiments of my inven-
tion; Fig. 8 is a diagram showing my

~invention applied to a multipoclar ma-

chine having a-drum wound armature; Fig.

- 9 is a sectional view showing.the position of
" the conductors of Fig. 8 on the armature;

: vemntion applied to another multipolar ma--
-chine having a drum wound armature.

* =In explaining the theory of my invention,

-and’ in order to understand the practical

_embodiments; I will first consider Fig. 1, in :

and Fig. 10 is a diagram showing my in-

- which the armmature coils of a direct current

40

machine gre indicated at 1, and are connect-

-ed to the commutator bars 2. The machine

. 45.
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is-indicated as birpolar having the poles 3
and positive and negative brushes 4. ; In

addition to the usual main winding, there
are provided additional generating wind-

ings or coils 5%, 5%, 6° wound upon the same
¢ore as winding-1, one end of each of these

liree. windings being connected to the col-
ﬁ“otor_ring 6. The remaining ends of the
windings are connected to points a, b,.¢, in

the armature, which points in this example

are: 120 electrical degrees apart. The aux-
iliary windings or. coils are shown as con-
nected to the commutator segments, but
they may, if desired, be connected to points

Specification of Letters Patent.
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in the armature winding itself. The posi-
tive and negative mains of the three-wire
system are indicated at 7, 8 and the neutral
wire at 9. The mains 7, 8 are connected to
the positive and negative brushes 4 and the

neutral wire is connected to a brush 10 bear-

ing on the collector ring 6.
In order to maintain the neutral wire at

-4 fixed potential with reference to the po-

tentials of*the positive and negative mains
and so secure a three-wire distributing sys-
tem, the ends of the windings 52, 5%, 5°
being connected to ring 6 and thus to the
neutral wire must also be maintained at a
fixed -potential with reference to that of said

.mains. » In these windings there is generated
‘an alternating electromotive force, but the

electromotive force generated in each one at

any instant, although different from that.

generated in- the others, is always such in

each winding that the potential of ring 6

60
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remains uhchanged, whereas the potentials _

-of the ends of the windings connected to

points in ‘the armature are continually
changing from positive to negative and from
negative to positive with reference to the
potential of the neutral.
of course, that the potential around the com-
mutator or around the winding 1, gradually
falls from the positive to the negative brush
and therefore the potential of «, which is
shown midway between the positive and
negative brushes, is approximately half-way

between the- potential of the positive and-
negative mains, or in other words is the saine.

as that of the neutral, or the same as the de-
sired potential of the neutral. . Therefore
since the winding 5* is connected to the neu-
tral through the collector ring 6 at one end
and to point @ at the other, then in. order
that the neutral should be at the 'same po-
tential as. point a as desired, the winding 5
should be in such position at this instant that

-it will generate no electromotive force or no

resultant electromotive force.. The potential
of point b is between that of the negative
main and that of the neutral and 1s ap-
the potential of the neutral as-
suming ¢
indicated -by the arrow. As winding 5° is
connected between point b and the neutral,

80

It is understood =
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at the direction of rotation is that -
105-

then in order to maintain the neutral at the '
desired potential, the winding 5" must be so -

located as to generate an electromotive force
_ﬁjﬁerence in potential between 110’

equal to the
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that of point b and ‘the desired potential of
the neutral. " Winding 5° is thevefore indi-
cated in a position to generate an electromo-
tive force equal to the difference in poten-
tial between point & and the neutraly and as
the potential of point & is approaching the
potential of the neutral at the instant repre-
sented, winding 5 if represented in such po-
sition with reference to the magnetic field
that it is generating a gradually decreasing
electromotive force with reference to the
direction of rotation indicated by the arvow.
The potential or point ¢ is above that of the
neutral and between the neutral and positive
brush, and is approaching that of the posi-
Winding 5° is therefore dia-
grammatically indicated in such a position

that it is generating an electromotive force
“equal to the difference. between the potential

of the neutral and that of point ¢ and gener-
ating an electromotive force opposite in di-
restion to that of winding 5% It is also
generating an increasing electromotive force
so as to balance the inecreasing potential of
point ¢. Consequently, the. instantaneous
electromotive force generated by each of the
windings 5% 5%, 5° 1 equal to the potential
diiference between the neutral and the points
in the armature to which the respective
windings arve connected. Moreover, as the
armature rotates and the potential of points
@, b, ¢ sontinuously changes with reference

~ to the desired constant potential of the neu-
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trai point, the electromotive force generated
in each winding 5, 5%, 5¢ changes in the same

“vay and to the same degree, consequently

the potential of collector ring 6 remains
fixed and always midway between that of
the positive and negative brushes, and the
desired potential of the three-wire mains is
obtained. It will be seen therefore that. the

windings 5%, 5%, 5¢ act to generate alternating |
current electromotive forces which balance-

_the changing potentials of the points'in the

45
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main windings to which they are conmnected

and so maintain the potential of the h'eutrz_ll
constant.  When the load on the system 1s

unbalanced, current will flow either to or

from ring 6 through the neutral wire and

will. pass through the generating windings-

5&, B 5¢ to or from the armature winding L.
b 3 - . P .

The windings 52, 5, 5° therefore not only

serve as means for maintaining the neutral

at. fixed potential by their action as gener-

ating windings, but also serve as a path -for
the current due to.an unbalanced load. - It
will be noted that the maximum electromo-
tive force generated by each winding 5° 5°
5¢ in one direction is equal to one-half the
electromotive force between the positive and

negulive brushes under perfect conditions, |
and preferably is made as nearly so.as. pos-.

sible in practice. This will be understood
since the electromotive torce génerated by

each winding must 4t some time equal the |

-

“neutral potential.
“erating winding; as 5%, may be used, but bet-

987,044

“full electromotive force between the neutral

and any one of the brushes, and this electro-
mwotive force is equal to one-half of the elec-

11auotive force between positive and negative
brushes. That is, the number of condgctors

or turns per each alternating current wind-
ing or auxiliary winding 5, 5%, 3¢, etc., hould

be equal to, or equivalent to, one-halff the -

number of conductors or turns per circuit

frar brush to brush of the main armature-

winding having the commutator.
I may in some cases provide a greater or

lesser number of generating windings than

three. If six windings should be used, the
windings may be displaced approximately
G0 electrical degrees from each other and
connected to points in the armature wind-
ing 1, at 60 electrical degrees apart.

Iig: 2 ijllustrates a form in which only
two windings 5%, 5%, are used. These jwind-

80

85

ings are displaced approximately 90 degrees .

electrically and are connected to points in
the main armature winding approximately

90 electrical degrees apart. In the position,

shown and at that instant, winding 5 is

50

connected to a point in the main winding -

midway between the positive and negative
brushes, which point is consequently of the
same potential as the neutral and therefore

winding 5% should and does generate no-

electromotive force being shown in the neu-
tral position. . Winding 5° is shown con-
nected to a point which at the instant con-
sidered, is at’the same potential as the
negative brush and should therefore gener-
ate 1ts maximum electromotive force, and
is shown diagrammatically in position for
generating maximum electromotive force,
As the armature votates, the windings 5%, 5°
will at all times coOperate to maintain the
Only one auxiliary gen-
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ter results are obtained by the use of more :

than one auxiliary winding, particularly

where ‘the system is likely to be very much

unbalanced.. "~ - ' o
From the preceding, the general theory
upon which my invention is based will be

understood, and which theory is fundamen- -

tally based upon generating. in.one or mo
auxiliary windings by dynamic action vari-

-dble electromotive forces for maintaining a

11y

fixed potential between the potentials of the -

I will now consider a few
general t}hepry

outside mains.
practical embodiments of this

and of my invention. ‘L
‘Fig." 8, shows a bi-polar machine having

120

an armature winding of the Gramme type,

the ring core being indicated at 11, and the
main winding 12 1s.shown as having a total
of 32 conductors or turns. As the machine
is bi-polar and has two brushes; there are
two circuits from brush to brush, giving i6
conductors per circuit of the main winding.

'The winding is also shewn as having two

~125

130
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-jected to a magnetic field very much differ-

“ent coils. :

‘tromotive forces generated in the main.

-will be subjected to conditions similar or

oig-half the nurdber of conductors per cir-

987,044

conductors per coil between commutator
segments, and these coils of two conductors
each are indicated as displaced 225 elec-
trical degrees from each other, and the two
conductors of each .coil-are located in the
same phase substantially; being shown in the
same slot. It is apparent that the total
electromotive force generated in each of the .
two circuits of the main winding is pro-
duced by the united effect of the eight coils
per circuit, and that some of these coils are
generating a high electromotive force while
others, being in different phase position with
reference to the magnetic.field, are generat-
ing less electromotive force.: The total elec-
tromotive force is therefore made up of the
united effect of eight coils, each in a dif-
ferent 'phase and some of which are sub-

ent 1 strength from’ that. of the others.
Moreover, the irregularity of the magnetic
field causes corresponding. variation in the
electromotive forces generated by the differ-

In my said prior application; I described
constrtictions based upon the principles that
in locating the auxiliary winding for main-
taining the neutral potential, the irregu-
larity of the magnetic field, and of the elec-

winding, must be considered when such con-
ditions existy as is the case in all commercial
types of machines at the present time; and
for the purpose of balancing the fnain wind-
ing, the auxiliary winding must be sc re-
lated thereto that for each phase of- the
main winding, there is a substantially corre-
sponaing location .of part of the auxiliary
winding. In other words, the auxiliary
winding must be distributed so that its parts

substantially similar to that of the parts
of the nain winding and so compensate for
every variatien in the magnetic field to
which the parts of the main winding are
subjected.  If the auxiliary winding %e 0
lgeated. or ‘distributed, then the same varia-
tiovs to which the main winding is sub-
jected, and which thereby determine the
electroinotive force generated by the main :
winaing will correspondingly ~affect the
auxiliary winding and a corresponding
compensatioh will be secured. In my said
prior application, I disclosed constructions
m which the auxiliary windings contained

cuit of the main winding. According to my |
present invention, I am enabled to reduce ;
the number of conductors in each auxiliary .
winding so that less than one-half the con- ;
ductors per main circuit are required and T
accomplish this without any Apr{lctical dis- ;
advantage and of course obtain further :
economy and simplicity in construetion. .

My present invention may be understood

a8

from Fig. 3, and we may consider the circuit
of the main winding which is on the upper
half of the core and designated by the char-
acter 12. This consists of eight coils of
two conductors per coil in phases marked
22.5 degrees, 43,

conductor in each of the phases 22.5,45, . . . .
to 1573, inclusive. One terminal of the aux-
iliary winding is connected to the collector

ring 6 and the other terminal is connected

to a point 14 in the main winding between
the two turns in phase 180 degrees. At the
position representéd, it will be understood
that the auxiliary winding must generate an
electromotive force such that the potential
of the ring 6, and therefore of the neutral
will be midway between the potential of the
positive and negative brushes. Since the
auxiliary winding is connected .to a point
which is below the potential of the positive
brush, it follows that in this position, the
electromotive force generated by the auxil-
lary winding should be less than one-half
the potential difference between the positive
and negative brushes, but at the same time
should be sufficient to maintain the neutral
at the desired potential. That this is so
for the positioh of the armature considered,
will be understood from the following: As
the potential of the neutral should evidently
be half way between the potential.of the
positive and negative brushes and since the
electromotive force between these brushes is
evidently generated by the conductors of the
main winding on the upper half of the ring,
the desired potential of the neutral will.be
secured if the neutral is at.a potential from
the positive brush created by .an electro-
motive force equal to one-half ‘that gener-
ated by\the main winding. Evidentﬁr the

seven conductors of the winding generate’

an electromotive force equal to.one-talf that
generated by the coils of the main winding
in phases marked 22.5, 45 to 157.5 inclusive,
since there are one-half the conductors in
the auxiliary winding for each of ‘these
phases, and as-the auxiliary winding is con-
nected at poiit 14 to the main \vinﬁing be-
tween thie two tonductors of the main wind-
ing in .phase 180°, the potential of point

70
¢ to 180 degrees, re-:
spectively. The auxiliary winding 18, com- ;
prises seven conductors in series having one

76

80

86

90

95

100
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14 will be, by reason of this connection, at a

potential from the positive brush equal to
one-half the electromotive force generated
by the two conductors of the main winding
in phase marked 180°.. Consequently, the
potential of the neutral will be -below that

of the positive brush by the amount of half

the electromotive -force generdted by the
main conductors in phase 180 degrees, giv-

120

1256

ing the potential of point 14, plus one-hAlf
of the electromotive force generated by the

- conductors ‘of the main winding in each-of

t0'22.5 degrées in-

.....

the phases 157.5, 185

150.
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clusive. The necessary generation of elec-
{romotive force from point 14 will therefore

be sunplied by the seven conductors of the

auxiliary winding giving the desived neutral
potential. It will be seen that the potential
of ring ‘6 or neutral following the circuit
from the positive brush is that produced by
the electromotive force' of one turn of the
mdin winding in phase 180, then passing

through the point 14 to the. auxiliary wind-
ing, is also that produced by the electro-

one turn of the auxiliary
of the phases 157.5, 133,
and 22.5 to the ring, mak-
ing a sunnuztion of one turn from all of the
phases on the upper half of the avmature
core and seven of which are auxiliary turns
and one a turn of the main winding.

The potential of the neutral will be main-
tained substantially constant for every other
position of the ariuature, since the chang-

inotive forees of
winding in each

ing phases and electromotive forces of the !

conductors will always be such that the elec-

tromotive forces generated by the auxiliary”

wirding will correspondingly vary. Forex-
amplie, consider Iig. 4 in which the arma-
ture is shown as having rotated 45 degrees
from‘the position of Fig. 3. If in Fig. 4
we follow the circuit. from the positive
brush, it will be seen that the potential of
ring 6 from the positive brush 1s that pro-
duced Dby the -electromotive force of two
turnis of the mmin winding in phase 202.5
and one turn.of the nain winding in phase
925, then through point 14 to the auxiliary
«inding in which fhere is one turn in phase
202.5 and one turn in each -of the phases
180, 157.5, 133, 112.5, 90 and 67.5. It s evi-
dent that the one turn of the main winding
in phase 225 above mentioned, has the same
value and electromotive force as if it were
It is also evident that
the one auxiliary turn in phase 202.5 can-
cels one of the two turns in phase 202.5 leav-
ing the effect of one turn in 202.5 which has
the same value as one turn in 22.5. There-

fore we have the effect from the positive

Lrush of one turn in each of the phases 22.5
15 {o 180 inclusive, which equals one-half
the voltage from positive to negative brush.

instead of placing the conductors of the
auxilinry winding in the position shown in
Figs. 3 and 4, relatively to the main wind-
ing. the auxiliary winding may be arranged
as iu Lig. 5 upon the principle that any
con:luctor of an auxiliary winding may be
shifted 180 electrical degrées and so be
placed in a corre$ponding position under a
pole of opposite polarity, provided the di-

rection of. the conductor is changed, so that ;

the electromotive force generate

For examplé, in Fig. 5 the conductors_of
the auxiliary winding in positions 157.3,
1385 and 112.5 are the same as in Fig. 3,

~will have |
the same effect in the auxiliary winding.

| 987,044

( but the remaining conductors are shifted

i 150 degrees trom the position of Fig, 3, the

auxiliary conductor ai 270 degrees of [fig,
5 corresponding to that at 90 degrees of
Flig. 3, that at 247.5 corresponding to that
~at 67.3, that at 223 corresponding to that at
43, and that at 202.5 corresponding to that
at 22.5. " Also the direction of the four con-
ductors-transposed in Fig. 5 is opposite to
the corresponding conductors of g, 8, in
order to preserve the desired action. This
transposition of conductors will be under-
stood to be.correct from the fact that the
rvesult is the same in the auxiliary winding
whether the conductor is- moving in one
field at a certain position or in the opposite
field of corresponding position with its di-
rection ‘reversed. The application of this
feature of my invention is important in
tending to secure equal electnical and me-

unequal distortion of magnetic field when
current flows in the auxiliary winding and
in tending to maintain a mechanically sym-
metrical and balanced armature. Kor ex-
ample, in IFig. 6, the winding will have the
general effect of that of Fig. 3 and on ac-
count of the more symmetrical distribution
of the auxiliary winding, the armature will
be more nearly mechanically balanced and
the electrical conditions become more uni-
form. In this fizare the seven conductors
of the auxiliary winding are not all on one
half of the armature as in Fig. 8 and Tig. 5,
but the conductors of the auxiliary win&ing
of IFig. 3 in phases marked 22.5, 67.5, 112.5,
and 137.5 are transposed to the other half of
the core in Fig. 6, 180 degrees from the po-
sition in Fig. 3 and the direction is oppo-
site as explained with reference to Kig. 5.
T'he desired operation will consequently be
secured, and at the same time secure a
niore synimetrical condition.. Referring to
Fig. 6, ft will also be seen that the sequence
of connection of the conductors of the aux-
iliagy winding is not the same as in Fig. 3,
and that in- Kig. 6, the conductors are con-
neeted ' in succession around the ring which
allows theé connections to be simplified over
what would otherwise be necessary. The
same resultant electromotive force will be
secured however, regardless of the sequence

tive forces generated are correct.-
Fig. 7 shows the same form of machine

there is an additional auxiliary: winding 16

ing 90 degrees from point 14'to which the
i auxiliary winding 12 is connected. -Start-
ing from point 17, the auxiliary winding 16

o
oD

winding 13 but instead-of ‘continuing and
| overlapping winding 13, the remaining four

chanical effects, that is, in tending to avoid-

of connection so long as the location of ‘the -
conductors and the -direction of: electromo-. .
120

and windings as in Fig. 8, but in Fig. T

Js_similar in- the first three turns to the
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conneeted to the point 17 of the main wind-
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conductors are transposed 180 degrees and
conneeted as’ explained with reference to
Fig. 5. ‘With this construction, it will be
‘seen _that the conductors are very sym-
metrically located throughout the armature
giving the desirable advantages of such an

-arrangerient. Alse with two windings,.the

10

balancing effect will be improved as aTready
stated. %Vith two auxiliary windings it is
preferible to connect them to points in the
main winding substantially 90 electrical de-
grees apart, but they may be connected to

- points widely different from 90 degrees dis-
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placement 1f desired. In each case how-
ever, the auxiliary winding should have its
conductors so located and connected as to
balance or correspond to the conductors per
cirenit of thie main winding beginning at
the point of the main winding at which the

auxiliary winding is’ connected, although

without any auxiliary conductor™ or con-
ductors to correspond to the conductors of
‘the main winding in the phase gf the point
to which the auxiliary winding is connected.
That is, in Fig. 7, for example, the auxiliary
‘winding 16 is connected to tle main wind-
tug at point 17 and the seven conductors of
the. auxiliary winding must: correspond in
their effect to the effect of the remaining
number "of conductors per circuit of the
main winding and omittirg the conductors
in pliase 270 which is the;phase of point 17:
tliat is, must correspond. fo the 14 conductors
of the raain winding in the seven phases

marked 247.3, 225, 20,5, 180, 157.5, 135 and-

112.3. In general it may be stated that the
algebraic sum of thé<electromotive forces in
the auxiliary. winding plus the electromo-
tive force in the main winding from the
point where the auxiliary winding is joined

to the main winding to either brush will be !’
cqual to one-half the electromotive force !

between brushes. : _

A rule which is applicable to fhe form of
my invention above described is that the
number of turns in each auxiliary winding
is equal to one-half the number of} turns per
circuit of the main winding minus one-hatf

the turns per slot of the main winding..

Thus, the number of turng per cireuit of the
main winding is 16 and there are 2 turns
per slot and therefore according to the rule
there should be $}16—3}X2=7 turns in the
circuit of the auxiliary winding. It will

be understood that instead of using the num--

ber called for by this rule, an intermediate

‘number of turns may be used which might

be between the number given by the rule
and the full number- of half the turns per
circuit as described in my said prior appli-
cation.
the turns per circuit might be used by pro-
an additional ‘turn or turns in an
additional phase position and still obtain
the resultant effect desired. The use of

Also a greater number than half |

“machine - useless. |
.substantial requirements for good balancing

S

more conductors than necessary will how-
cver, generally be undesirable althengh, of
course, within the scope of my invention.

If three auxiliary windings are used, the
points of connection in the main winding
ave preferably substantialiv 120 electrical
degrees apartif six auxiliary windings are
used they are connected preferably to points
substentially ‘60 electrical degrees apart, or
with § windings they may be 72 electrical
degrecs apart, but thé points of connection
may ditfer widely from these displacements
and may be irregulariy displaced if desived
provided that the auxiliamry conduciors are
correspondingly located as above explained.
Usualiy the stated displacements will be
preferable, but very satisfactory results may
be preduced with other displacements.

The connections of the auxiliary winding
to the main winding may be made to the
cominutator bars if desired in those wind-
ings where intermediate points of the main
conductors per slot- are connected to com-
muutator bars, er may be made to the end
counections of the conductors of the main
winding. .

Although the hest results will be secured
by the arrangement of auxiliary conductors
as described generally with reference to
Tigs. 3 to 7, it will be understood that such
an arrangement is not absolutely required
provided the divergence is not so great as
to produce a comimercially impractical ma-
chine,  For example. instead of locating the
auxiliary conductors in the saie phase posi-
tions as the corresponding main conductors,
they or some of them may be located in
slightly different phase positions. However,
the greater the displacement from proper
position and provided this displacement is
not properly compensated for. the more will
be the generation of unbalanced electromo-
tive forces and the greater the flow of use-
less and harmful local currents. Also, it is

xXxa

apparent that if the number of conductors

in the auxiliary windinos is not made ex-
actly the same as described with reference

to Figs. 3 to 7, the number may be slightly

.different and still obtain operation which

may be sufficiently satisfactory. although not
so satisfactory as might be secured with the -
best possible arrangement. For example, if
the number of auxiliary conductors were
very large. there might -he a clightly differ-
ent number employved from that theoreti-
cally required, or the phase Iccation might
be slightly different without rendering the
In all cases however, the

_effect must be present in order to produce
8 commereially practical machine. L
It will be understood that the auxiliary

-windings may be considered as connected in

parallel with part of the main winding, and
the auxiliary windings may therefore act
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to generate current in parallel therewith.

By ndding a large number of auxiliary

saindings and by ngking their resistance
low, they inay be madé to carry a consider-
able portion of the current compared with
that in the main winding. This will be
so since the main winding, together with
generate electromo-
tive forces in parallel with each other and
the current that will be caused to flow in the
parallel circuits will be influenced by their
relativé resistances. |

I have described my invention as applied
to a bi-polar machine and to a Gramme
winding, as it is then in its simplest form
and more easily understood. It may iike-
wise be applied to multi-polar machines and
to machines having the various forms of
drum windings.

Fig. 8 illustrates as one example, 2 multi-
polar machine having a drum winding and
having my inveution embodied therein. The
four polex of the machine are indicated in
dotted lines and designated hy the chdavacters
N, 8; withiu the poles is shown a develop-
ment of the main winding and of the two
auxiliary windings which are used in {lis
instance. The commnutator is indicated with-
in the windings at 2, and the brushes 4
which engage the commutator are shown as
bearing upon the inner surface of the com-
mutator for the sake of clearness. The two
positive brushes are shown connected to-
gether and the twe negative brushes dre
joined together as is usual in multi-polar
multiple civenit windings. The collector
ring is shown at 6 having one terminal of
cach of the auxiliary windings connected
thoreto. The brush shown as engaging ring
6. will,.of conyse, be connected to the neutral
of the three-wire distributing mains, and the
pairs of positive and negative brushes hear-
ing upon the cormautator will be connected
to the cutside mains of the three-wire dis-
tributing mains. The conductors of the
main winding sve numbered consecatively
from 1 to 82 inclusive. The phase positions
of the conductors ave designated for the pur-
pose of refercnce by designation of the num-
ber of clectrical degrees beginning with zero
degrees for conductors 1, 32.  Passing from
this position toward the right and coming
to the lower conductors 16, 17 the number
of electrical degrees passed has been 360,

and similarly there are 3¢0 degrees in pass-

ing from the lower conductors back to the
upper conductors. It will, of course, be un-
derstood that conductors in a certain phase
position with reference to a field pole of one
polarity are in the same ‘phase position. as
conductors located under another pole of the
same polarity and in corresponding position
with reference thereto. For example, con-
ductors 4, 5 are-in the same phase as con-
ductors 20, 21.  Although in Fig. 8, there
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are shown two conductors of the main wind-
ing displaced by a small amount from each
other, it will be understood that they are in-
tended to be in the same slot of the armature
core and in substantially .the same phase
position. : :
As there are 32 conductors in the main
winding, ‘and there are four multiple cir-
cuits, being a four pole machine, there are
eight conductors per circuit from brush to
brush bearirng on the commutator or four
turns per circuit and one turn per slot.” Ap-
plying the rule above given that the number
of turns pér atxiliary winding shall be one-
half tlie tutns per circuit minus one-half the
turns per shot, we find that this is equal to
$—3=1% tunns for each auxiliary winding,
or 3 conductérs for each auxiliary windihg.
The point of connection of the beginning of
the auxiliary winding to the main wim%ing-
should be the middle point of the turn or
turns per stot selected. Thus, in Fig. 8, the
turn selected for starting is turn 1, 8, the
middie point being point 33, from which
one of the auxiliary windings is started,
which it will be observed is at the rear end
of the armature. The three conductors of
the auxiliary winding should now be located
to correspund to the remaining conductors
per circuit of the main winding; that is, as--
suining that the turn comprising conductors
1, 8 is taken care of, then the.conductors 3,
10, 5, 12 and 7; 14, should be considéred in
locating the three conductors of the auxil-
iary winding. The auxiliary conductof !
which is to correspond. to the condyctors
10 of the main winding should be either an
outgoing conductor in phase 45 degrees, or
an incoming conductor in phase 225 degrees.:
‘Referring to Fig. 8, it will be seen that.
conductor 34* of the auxiliary winding*
which starts at point 33 is located in phase
995 degrees and is an incoming conductor as
required. To corvespond .to the turn 5, 12
of the main winding there should be either 1
an outgoing conductor in phase 90 degrees,
or an incoming conductor in phase 270 de-
grees, and in Fig. 8, an incoming conductor
34¢ of the auxiliary winding is located in

phase 270. .Similarly, for the turn 7, 14 of 1

the main winding, the corresponding auxil-
iary conductor should either ge an outgoing
conductor in phase 135 degrees, or an incom-
ing conductor in phase 315 degrees. In Fig.
8, the conductor 34®.of the auxiliary winding
is located in phase.135 degrees and is an
outgoing conductor.. The auxiliary winding
comprising the conductors 34%, 34" and 34°
will therefore act to maintain. the. collector
ring 6, to which it is connected, at a constant
potential mid-way between the potentials of
the positive and negative brushes of the ma-
chine. - As the point of the main winding
which is located 860 electrical degrees there-
from should be at the same potential -as that
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of point 33, these two points are shown

cross connected by the conductor 35, and if
desired this auxiliary winding may be con-
sidered as starting from the point 86 -which
is cress connected to the point 33.

In Fig. 8 another auxiliary winding is
shown which starts from point 87 of the
main winding, 90 degrees from point 33, and
which is the middle point of the turn 5. 12.
We may therefore assume that the turn B,
12 i taken care of, and weshould locate the
three conductorf of this second auxiliary
winding so as td“correspond with the turns
7, 14,9, 16 and 11,'18.  Taking the turn T,
14 of the main winding, this may be taken
care of by an outgqing conductor in phase
135 or an incoming-conductor in phase 315.
The conductor 38> of this second auxiliary
wifiding is an outgoing conductor in phase
135 which answers the requirement.” The
auxiliary conductor for turn 9. 16 shienld be
either an outgoing conductor in phase 180,
or an incoming conductor in phase 360, and
the conductor 33 of the second auxiliary

winding is an incoming conductor in phase’

360. The auxiliary conductor for turn 11,
18 should be either an outgoing conductor
in phase 223, or an incoming conductar in
phase 43 the conductor 382 of this-auxiliary
winding is an incoming conductor in phase

45, which answers the requirement. This.

second auxiliary winding will therefore also
serve to maintain the neutral at the desired
potential. Poiut 37, from which the second
auxiliary winding starts, is cross connected
to point 39, which point is 860 electrical de-
grees from point 37, and therefore of the
same potential. It will therefore be scen
that in Fig. 8. there are two auxiliary wind-
‘1:2s which begin at points in the main wind-
ing 90 clectrical degrees apart. and that each
of the auxiliary windings. comprizes only

three conductors. and each of these three.

windings serve to maintain the desired po-
tential of the collector ring 6 and of the neu-
tral wire. Tt'will also be noted that the con-
ductors of the auxiliary windings are so lo-

“cated as to secure a substantially balanced

50

65

60

armature. It will be understood from the
diagram that the auxiliary conductors are
intended to be located in the same slot of the
core as the two adjacent conductors of the
main winding. ‘It will also be noted that
the arrangement is such as to bring the col-
lector ring G on the same side or end of the
armature as the commautator.

It will be understood that any desired
number of additional auxiliary windings
may be added to the structure represented in
IFig. 8 and connected at any desired point in
the main winding provided the conductors
ef the additional windings are suitably lo-
cated and.connected. It will also be vnder-
stood that the conductors of the auxiliary

i

K¢

windings shown may be otherwise atranged, 65
since each conductor of such winding may
be placed in any one of four positions. It s
evident that the general -principles of these
windings apply to any number of slot=, ind
any number of conduetors per <lof. It will 70
also be clear that in ~ome instances hetter
mechanical and electrical arrangements of
conductors will occur with some numbers of
auxiliary windings than with otiers, and
the designer may sclect such number as (0 75
give the desired condition. :

From the foregoing it will be understood
that my invention may be applied to ma-
chines having a larger number of poles. and
to various other fornis of armature windings. 80

It will also be understood that my inven-
tion may be applied to machies having sta-
tionary- armatures and revolving fields, in-
stead of machines having rotating arma-
tures as above deseribed.

Fig. 9 is a diagram which shows the loca-
tion of the conductors of Iig. & on the arma-
ture.  The poles N S arve indicated in full
lines. and the armature core is designated by
the character 40. and is represented in sec- 90
tions. The core is indicated s beiveg a
slotted core. and the conductors of the main
and auxiliary windings are designated by
the same characters asin Fig. 8. It will be~
noted that the conductors of tle auxiiiary 95
windings are shown as lecated in the hattom
of the slots. and this location is preferable.

Fig.-10 illustrates my invention as applied
to-a machine having a larger numnber of

conductors than that represented in Fig. 8. 100

and having more than one turn per slot
The machins iopresented in Fig. 10 s the
same as that «f Fig. & except that there are
two turns per slot per circuit instead of one,

and each turn is provided with its corve- 105

sponding commutator segment. There ave
therefore twice as many conductors or tns
and twice as many commutator semments in
Fig. 10 as there ave in Figz. 8 With the 64

conductors in the main winding of Fig. 10, 110

and four multiple cirenits. there are 16 con-
ductors per circuit from brush to brash
bearing on the commutator. or eight tmrns
per circuit and two turns per slot. . Apply-

ing the rule above givei:that the number of 115

turns per auxiliary winding shall be one-
half the turns per circuit minus one-hglf
the turns per slot. we find that this is equa}
to 2 —3=3 turns for each auxiliary winding

or six conductors for each auxiliary wind- 120

ing. = As already stated. the point of connec-
tion of the beginning of the auxiliary wind-
ing to the main winding should be the mid-
dle point of the turn or turns per slot se-

lected. In Fig. 10, the-turns selected for 125

starting one auxiliary winding are made up
of the conductors 5, 19, 6, 20. The middle-;
point- of these two turns 1s therefore point

85
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[Y,)

10

15

'4;1', from which the auxiliary winding 49

to 42 starts. Assuming that these two turns
are taken care of, the six conductors of the
auxiliary winding should be located to cor-
respond to thé remaining ¢onductors of this
circuit of the main winding; that is, should
-correspond- to the tuins made up of con-

_ductors -9; 23, 10, 24, 13, 27, 14, 98,17, 81,

18, 32. Taking the turns made up of*con-
ductors 9, 23,- 10 and 247 the corresponding

‘conductors of the balancing winding .may

be either an outgoing.conductor ir phage 90
and an iricoming conductor in phase 270; or
two outgoing conductors in phase 90, ot if
desired two incoming conductors in phase
270. In the auxiliary winding 42* to 42,

._the conductor 42 is an outgoing conductor

25

30

) o0 i5 an in-
yming conductor in phase 270, which an-
vers the requirement. Now taking the
turns made up of conductors 13, 27, 14 and

n phase 90, and the conductor

28, the corresponding auxiliary conductors

may be an outgoing conductor in phase 133,
and an incoming conductor in phase 315, or
may be two outgoing condustors in phase
135, or two incoming conductors in phase
315. In the figure, conductor 42° is an out-
going conductor-in phase 135, and 42° is an
incoming conductor in’ phase 315, as re-
quired. The -auxiliary conductors corre-
sponding to the turns made up of conductors
17, 81, 18, 32 should be either an outgoing.

_ conductor in phase 180, and an incoming

35

conductor in phase 360, or two outgoing
conductors in phase 180, or two incoming
conductors in phase 360. The conductor 42*
is an outgoing conductor in phase 180 and:
49f i3 an incoming conductor in phase 360.

© . Consequently, the auxiliary winding 42* to
40

at- contains six conductors located in posi-

“"Ifions which answer the requirements and

45
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the winding will therefore serve to mairi-
tain ring 6 at the desired neutral potential.
Point 41’ where the auxiliary winding starts,
is shown cross connected to point 43°; lo-
cated 360 electrical degrees therefrom, and
which connection assists to improve the bal-
ancing effect. - A ,

. Another auxiliary winding comprising the
conductors 44%, 445, 44c, 449, 44° and 44" Is
shown in Fig.. 10,. which is connected to-
point.45° of the main winding, 90 degrees
from the beginning of the auxiliary wind-
ing already described. It will be seen by-.
comparing the location of the conductors
44= to 44¢, that they correspond to the proper
conductors of the main winding and that
they will serve to maintain the desired neu-
tral potential of ring 6 constant. Point 45
is cross connected to point.46’, which.is the

bé understood that the various con-

- c_orresi)ondi_i:ng,._ point of the same potential.

65

It wil

“ductors whicl are grouped together in Fig.

10, occupy the same slot as explained in con-
nection with Fig. 8, and that the other gen-

987,044

eral statements made in connection with
Fig. 8 also apply to Fig. 10. T

n the diagram Fig. 10, although I have
shown the main winding with full pitch, it
will be evident that svith fractional. pitch
windings, the same general principles apply,
the main feature to be observed being-that
in each auxiliary circuit, the algebraic sum’
of the electramotive forces from the collector
ring to each brush shall be equal to half the
electromotive forces between the positive
and neégative brushes, and also that the alge-
braic sum of the electromotive forces from
the collectot ring through any one auxiliary
winding to its connection with the main

winding and through any part of tlie main

winding to the connection of any other aux-
iliary winding, and then through said wind-
ing back to the collector ring, shall be zero.

The .diagrams shown herein refer to mul-
tiple windings, but the invention is equixlly
applicable to series or two-path windings.
For example, with a six pole machine hay-
ing 59 slots and 2 turns per slot in the main
winding, making the total number of turns
equal to 118 and the turns per circuit equal
to 39, we would have for the auxiliary

‘winding %* — § = 284, for each auxiliary

winding. oo .
Although in modern machines, the num-
ber of conductors in the. main armature -
winding is usually very much larger than
the number represented in these figures, it

7C
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95

will be understood by those skilled in the .

art how the conductors of the auxiliary 100

winding or windings should be located in
such machines, and also how they should be
located for various other types of main-
windings. It will also be understood that

my invention may be embodied in various 105°

forms of construction, and that I am not
Jimited in the scope thereof to the particu-
lar form shown and described.

Having thus, described my invention, I

declare that what I claim as new and desirc__ 1‘1:‘0,_

_to secure by Letters Patent, is,—

1. The combination with a direct current
generator, of a plurality of auxiliary dy-
pamo electric generating windings wound on

)

the armatgre core of sald generator and elec- 138

trically connected to ‘points of different po-
teritial in the armature of said. generator

and also electrically connected to & common .

point, each of said -auxiliary windings hav-

ing less than one-half the conductors per cir~ 120

cuit of the main winding; and certain con-

“ductors of said auxiliary windings being lo-

cated unsymmetrically with reférence to

_each other. '

point of. varying potential “in - said first

"2, The combination of a winding having 125
« commutator, a field magnet, and a dynamo . -
clectric generating winding conneeted o a

named wingding, said second winding having

less than one-half the conductors per circuit 130
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of said first named winding, and logated in
core slots also containing conductors of said

firs named winding.

. 3. The combination of a winding having a
commutator, a field magnet, and a plurality

of dynamo electric generating windings con- |

nected to points of diffeérent and varving po-
tentials of said first nawed winding. “each
of said plurality of windings Imving less
than one-half the number of conductors per
circuit of said first named winding and lo-
cated in core slots also contdining conductors
of said first named winding. :

4. The combination of a field magnet. a
main winding subjected to the magnetic
field thercof and having a commutator and
brushes, and a plurality of dynamo electric
gencrating windings connected to points of
different and varying potentials of said first
named winding and subjected to the came
magnetic field for generating a maximum
electromotive force equal to less than one-
half the electromotive force generated by
said main’ winding, said plurality of wind-
ings being also connected to a common point,
each of said plurality of windings having

“less than one-half the number of conductors

per circuit of said first named winding and

~ located in the same phase positions as cer-

30

8b

40

45

50

‘tainin,
“winding.

tain conductors of said first named winding.

5: The combination of a winding having
a commutator, a field magnet, and 41 dynamo
electric generating winding connected to a

point of varying potential in said first"

named Wwinding, said second winding hav-
ing . a different number of conductors than
one-half the conductors per circuit of said
first named winding and located in core
slots also containing conductors of said first
named winding. - | _

6. The combination of a winding having
a_commutator, a field magnet, and a dynamo
electric generating winding, \connected to a
point of varying potential in s¥id first named
winding, said second winding having a
number of conductors different from one-
half the conductors per circuit of said first
named winding and less than the number of
conductors per circuit of said first named
winding and located in core slots also con-
g conductors of said first named

tl

7. The combination of a winding haying a

- cammutator, a field magrnet, and a plurality
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tentialso

of dynamo electric generating windings con-
nected to points of differént and varving po-

F said first named winding, éach of
said plurality of windings having a number

of conductors differént from one-half the.

number of conducto.. per cireuit of said

-first. named winding:and located “in_.core
slots also containing cunductors of said first

named winding.: o » _
"8. The combination with a direct current
generator, of an auxiliary winding for main-

©

[ taining « fixed potentiul, suid winding havy-
g its parts located under the influence of
o e waguetic field o correspond substan-
 tially with the phase location of the parts of
a circuit of the main winding exed sting the
portion of the main winding to wWhich the
auxiliary winding is connected.

2. The combination with a divect cuprent
generator, of means for maintaining a fixed
ntermediate potential comprising un anx-
thary winding on the armatre core for
dynamically generating a maximun electro-
metive foree equal to less than one-half the
clectramative force of suid generatoyr, and p
cellectar ving to which said anxiliary wind-
Ing s counected. B

10. The combination with a direet cirrent
generator, of an auxiliary winding connect-
ed to u point of varving potential in the
main winding for maintaining a fixed in-
termediate potential, said auxiliary winding
naving its conductorslocated on thearmature
o cerrespond substantially with the phase
location of a part only of the conductors of
a circuit of the main armature winding,
certain copductors of the auxiliary winding
being unsymmetrically located with refer-
ence to each.other, and a collector ring to

11. The combination with a direct current
generator, of means for maintaining a fixed
potential, said means comprising a winding
having its parts located ini the magnetic field.

cenductors of the main armature winding
to correspond substantially with: the location
‘of parts of the main armature winding and
Laving a number of conductors equal to less
than one-half the conductors per cirenit of
the main winding, and a_collector ring to
which said auxiliary winding is connected.

12. The combination with a direct corvent
generator, of means for maintaining a fixed
Jsotential, said means comprising a winding
for generating a maximun electromotive
force equal to less than one-half of the elee-
tromotive force of said generator and hav-
ing its parts located in tlie maguetic field to
correspond substantially with the pliasze
location of only parts of a cirenit of the
main armature winding, and a collector ring
to which said auxiliary winding is con-
nected. . '

13. The combination with a direct current
generator, of an auxiliary winding for main-
taining a fixed intermediate potentm_l, sald
winding being: connected at one terminal to
a point in the main armature winding and
having its. parts located in the magnetic
field to correspond substantially with the
‘’hase location of only a part %f a cireuit. of
the main winding for generating a maxi-
mum electromotive force equal to less than
orie-half the electromotive force of the gen-
erator, apd & collector ring to which the

which said auxiliary winding is connected.
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“ather terminal of said auxiliary winding is

connected. .

14. The combination with a direct current
gencrator, of an auxiliary winding adapted
to generate varying electromotive forces for
maintaining a point of fixed potential, said
auxiliary winding having less than one-half
the conductors per circuit of the main wind-
ing and located in slots of the armature core
which also contain conductors of the main
armature winding.

15. The combination with a direct current
generator, of ap auxiliary winding adapted
to generate varying electromotive forces for.
maintaining a poiﬁ; of fixed potential, said
auxiliary winding having less than one-half
the conductors per circuit of the main wind-
ing #nd located in slots of the armature core
which also contain conductors of the main
armature winding and the said conductors
of the auxiliary winding being located at
the bottom of said slots. = .

16. The combination with a direct cur-
rent generator, of an auxiliary winding
adapted to generate varying clectromotive
forces for maintaining a point of fixed po-
tential, said winding being connected at
one terminal to a point in the main arma-
ture winding and having its parts located
in the magnetic field to correspond sub-
stantially with the phase location of a cir-
cuit of the main winding excepting that por-
tion to which the auxiliary winding is con-
nected and having its conductors located in
the slots of the armature core which also-
contain conductors of the main armature

17. The combination with a direct cur-
rent generator, of an auxiliary winding
adapted to generate varying electromotive
forces for maintaining a point of fixed 5)0-
tentia), -said winding having its parts dis-
tributed with relation to the magnetic field
to correspond substantially with the phase
location of only a part of a circuit of the
main armature winding and also to substan- |
tially balance the armature mechanically.

18. The method of deriving an additional
point of fixed- potential from a direct cur-
rent machine. which consists in generating :
dynamically a resultant alternating electro- |

_motive force which continually equals and !

corresponds to the change in potential of & |
point 1 the armature from the potential of |

987,044

the said fixed point, said resultant electro-

i motive force being attained by generating

a plurality of clectromotive forces in dif-
ferent phase relationship and in phases cor-
responding to the phase distribution of only
a part of a circuit of the main armature
winding. ' . o

19. The combination with a multipolar
direct current generator, of an auxiliary
winding distributed on the armature for
dynamically maintaining an intermediate
fixed potential, one terminal of said auxil-
iary winding being connected to a plurality
of points in’ the main winding having the
same potential approximately, said auxil-
iary winding having less than one-half the
turns per circuit of the main armature wind-
ing, and a collector ring to which the other
terminal of said winding is connected.

90. The combination of a multipolar di-
rect current generator, of a plurality of aux-
iliary windings distributed on the armature
for dynamic:ﬁly maintaining an intermedi-
ate_fixed -potential; one terminal of each of
said windings being connected to a plural-
ity of ‘points in the main armature winding
having the same potential approximately,
the points of connection of one auxiliary
winding being displaced less than 180 de-

.grees clectrically from the points of connec-

tion of the main armature winding of
another of said auxiliary windings-.each of
said auxiliary windings having léss than
one-half the conductors per circuit of the
main winding, and a collector ring to which
one terminal of each of said auxiliary wind-
ings is connected. 4 ) .

91. The combination with a direct cur-
rent generator, of an auxiliary winding for
maintaining an intermediate potential, a
collector ring to which one terminal of said
winding is connected, the other terminal of
«aid winding being connected to the main
armature winding, and the aumber of turns
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of the auxiliary winding being one-half the -

number- of turns per circuit of the main

! winding minus one-half the turns per slot

of the main winding. _
In testimony whereof I affix my signa-
ture, in presence of two iwitnesses.
) JAMES BURKE.
Witnesses: _
- T.. X, Sacer,
Gro. X. Kerr.

Copies of this patent may be obtained for five cents eéch, b} addressing the
“Washington, D.C” :

« Commissioner of Patents.
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