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UN lTED bTAT}LS PATEVT OI‘L LL}A

1J’AMES BURKE OF EBIE PE!NSYLVANIA ASSIGNOR TO BURI{E ELECTRIC‘ CUMPANY

A CCRPORATIGN DF PENNSYLVANIA.

DYNAMO—ELECTRIG MACHINE '

o Speciﬂeation of Letters Patent
Applicatmn filed May 1 1907 Serial Ho 371 233

. To all whom it f:my concern:

Be it known that I, JAMEs BURLE a c1t1- -

- zen of the United States residing at Lrie,

| 10__

in the county of Erie and State of Penn-
sylvania, have invented certain new and

useful Improvements in Dynamo-Electric
~ Machines, of which the follewmg 1S & full
clear, and exact specification. :
- My invention relates to dynamo electrlc x
machines and particularly to a- method of
~ and means for generating current for sup-

~plying a three wire direct current System
of distribution.

10

_.-matured into Patent Iﬂo 893 979
‘July 21,1908, I have described a 1 method and
- means for generatmg current for such a sys-

tem and my present invention relates to fur-

“In my pendm‘.g' apphcatwn Serlal \To |

4, 1907, which has
granted

355 564, filed February

ther mnprovements upon. the invention dis-

" glosed in said application.

My invention will be under stood from the’-

followmg descrlptmn and aeeompanymtr
, drawmgs in which— | .

showin
| 'tIOIl, | _
-~ invention applied to a multipolar  ma-

30 chine having a drum wound armature; Fig.

- Figures 1 and 2 are diagrams for explaln-
Ing my invention; Kigs. 3 to 7 are diagrams
various embodiments of my inven-
1g. 8 1s a diagram showing my

= 9 18 a sectional view showmg the pOSlthIl of

" the conductors of Fig. 8
~ and Fig. 10 is a diagram showing my in-
- vention applied to another multlpolm ma--
*clnne having a drum wound armature.

-In e}.s.p],ammg the theory of my invention,
_- and in order to understand the practical
~embodiments, I will first consider Fig. 1, in -
" which the armature coils of a direct current
machine gre indicated at 1, and are connect-

- ed to the commutator bars 2. The machine

85

40

on the armature;

is-indicated as birpolar having the poles 3

45,

 €ore as wmdmg 1 one end of each of these |
iree. windings belng connected to the col-

50

55

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

ector ring 6. The remalning ends of the

windings are connected to points a, b, ¢, in
‘the armature, which points in this example‘
‘are+120 electncal degrees apart. The aux-
 iliary windings or.coils are shown as con-
nected to the commutator segments, but
they may, if desired, be conneeted to pomts _

| in the armature Wmdmg

proachin

located as to

#

1tse1f The posi-
tive and negative
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" pear-
~ing on the collector ring 6.

In order to maintain the neutral wue at
a 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 5%, 5% &°
bem':r connected to ring 6 and thus to the
neutr ral wire must also be maintained at -2

| fixed:potential with reference to that of r-~a1d
.mains. » In these windings there is generated
‘an alternating eleetwmetne force, but the

electromotive force generated in each one at
any lnstant

althmmh dlﬂfelent from that.
generated 1n- the othels is always such -in
each winding that the potentml of ring ¢

Patented uar. 14, 1911 ,'

mains of the three-wire

60

remains uhchanged, whereas the petentlalb.._

-of the ends of “the w Indings connected to
points in ‘the armature are continu ailly
changing from positive to neﬂ'atla e and from

80

negative to positive with reference to the

potential of the neutral.
of course, that the potential around the com-

It is understood

mutator or around the winding 1, gradually

falls from the positive to the negative br ush .

and thierefore the potential of ¢, which is

‘shown midwa ay between the poeltlve and

85

negative brushes, 1s approximately half-way

between the petentlal of the positive and .
90

negative mains, or in other words is the same

| as that of the neutrql or the same as the de-
‘sired potential of the neutral..

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 et. the 'same po-

tential as. p01nt a as desired, the winding 5>

Therefore

should be in such position at thls instani that :

resultant electromotive force. The potential

|.it will generate no electromotive force or no
10§
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 that the direction of rotation is that
‘indicated -by the arrow. As winding 5* is
| connected between point b and the neutral, =
‘then in order to malntain the neutral at the;j;.

105

desired potential, the winding 5 must be so -

equal to the ¢

enerate an electromotive force
ﬁerence in potentml between ,11&




=

that of pomt b, and the desued potential of
the neutral. Winding 5" is therefore indi-
cated in a position to generate an ¢lectromo-
tive force equal to the difference i poten-

tial between point & and the neutral; and as’
the potential of point & is approachmg the
‘potential of the neutral at the instant repre-

sented, winding 5% i¥ vepresented in such po-

- sition uflth reference to the magnetic field

10

15

20

ahet
ot

that it is generating an electromotive

that it is generating a graduallv cecreasing

_e]egtwmotwe force with reference to the

direction of rotation indicated by the arrow,

The potential or point ¢ is above that of the
neutral and between the neutral and positive

brush, and is approaching that of the posi-
tiye brish. Winding 5° 1s therefore dia-
grammatically indicated in such a position
force
equal to the difference between the potential

of the neutral and that of point ¢ and gener-
ating an electromotive force opposite in di-

1er't1011 to that of winding 5% 1t is also
generating an increasing elemro:lm)tne force
so as to balance the iner easing potential of
point ¢, Consequently, the instantaneous
electromotive ¥orce generateda by each of the
windings 5%, 5%, 5° is equal to the potential

- diilerence hetween the neutral and the points

o, b,

in -the armature to which the respective
as the

windings are connected., Moreover,
dT-Hl‘ltulE’i rotates and the potential of points
¢ eontinuously changes with reference

" to tmz desired constant pmmtml of the neu-

35

40

45

>0

60

trai point, the electromotive force generated
in each winding 5% 5, 5¢ changes 1n " the same

wray and to the same deﬂlee, consequently
potential of collector ring 6 remains

the
fixed and always midsway hetween 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% 5P, 5¢ act to generate alternating

CIIIIEHt electromotwe forces which ba]anceﬂ*

the changing potentials of the points‘in the

main ﬁrmdmgs to which they are connected

and so maintain the potential of he neutral
constant.  When the load .on the system 1s
unbalanced, current will flow. elther Ao or

from ring 6 through the neu/tnl wire and
generating windings

will. pass HllOlth the
5%, b° 5° to or from the armature wmdmg 1.
The w111d11105 52, 5b, 5° therefore not only
serve as means for lTlEllIltdll’llIlG‘ 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.

tive force generated by each winding 5% 5°,
5¢ in one direction is equal to one-half the

electy omotive force between the positive and

negutive brushes under perfect conditions,

and preferably is made as nearly SO as, pos-;
This will be understood

sible in practice.
‘since the electromotive torce generated by

ch wm{,]_mg must at soIme tlme eq: 1al the____;_

o

It

will be noted that the maximum electromon- |

087,044 |

“fall electromotive force between the neutral

and any one of the brushes, and this electro-

n:otive force 1s equal to one-half of the elec-
1 muotive force between

n positive and negative

brushes. That is, the number of condﬂctors
or turns per each alter nating current wind-:
ing or auxiliary winding 52, 5“ 5¢, ete., Shonld

be equal to, or c,qun*alent to, one-half of the -

number of conductors or turns per circult

from bruslh to brush of the main armature- 7
47 111(11110 having the commutator.

I may in some cases rrovide a greater or

lesser number of Uenelatmg windings than
three.
| windings may be dl%l}lﬂCEd apprommatelv

If six w 111dmﬂ‘~_-, should be used, the

GO electrical degrees from each other and
connected to points in the armature wind-

ing 1, at 60 electrical degrees apart.

b 1g 2 jllusirates a form in which only
two windings 5%, 5%, are used. These jwind-

mgs are dl@.pheed approximately 90 degt ees

electrically and are connected to points in

the main armature winding approximately
“In the position,

00 electrical degrees apart.
shown and at ‘that 1nstant, Wl]ildlllg " 15
connected to a point in the main winding
migway between the positive and negatlve

70

80

GO

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 néu-
tral position. .
nected to a pomt which at the instant con-
sidered, 1s at’ the same potential as the

_negatwe brush and should therefore gener-
maximum electmmotwe force, and

ate ifs
is shown diagrammatically in pOSlthIl for
cenerating maximum electromotive force,
As the armature rotates, the windings 5%, § b

will at all times cooper ate to maintain the
“neutral potential.
| erating winding; as 52,
ter results arve obtameu by the use of niore -

Only one auxiliary gen-
may be used, but bet-

than one "n.uulmry winding, particularly

unbalanced. |
‘From the plecedmg, the ‘general theory

W.demg 5 is shown con-

100

145

upon which my invention is based will be -

understood, and which theory is fundamen- =
tally based upon generating in .one.or more 115
- auxtliary ‘Wllldll‘lﬁ“% by dynamic action vari-~ -
-able electromotw forces for maintaining a
fixed potential between the potentials of the
outside mains.

practical emb0d1ment% of this ﬂeneral theory :

T will now consider a

and of my invention. - .
Fig. 8, shows a bi-polar machine hfwmg

of 3% conductors or turns.

‘- canductors per circuit of the main winding.

The wmamg s also shr-wn as havmg tw

few

120

an armftture ‘winding of the Gramme type,-
the ring core being indicated at 11, and the
malin wmdmo' 12 1s:shown as hdvmg a total 120

| As the machine -
is bi-polar and has two brushes, there are

two circuits from brush to brush giving 16

130

where the Svﬂtem 1S hkel}f to be very muah IlllU'
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conductors
segments, and these coils of two conductors
each are indicated as displaced 22.5 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-
g less electromotive force::” The total elec-

- tromotive force is therefore made up of the

20

30

39

40

49

55

60

6o

united effect of eight coils, each in a dif-
ferent ‘phase and some of which are sub-

-jected to 2 magnetic field very much differ-

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

ent colls. = -

In my said prior application; I described
eonstructions based upon the principles that
1n locating the auxiliary winding for main-
taining the neutral potential, the irregu-
larity of the magnetic field, and of the elec-

tromotive forces generated in the main.

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 fain wind-
ing, the auxiliary winding must be se re-
lated thereto that for each phase of- the
main winding, there is a substantially corre-
sponaing location .of part of the auxiliary
winaing. In other words, the auxiliary
winding must be distributed so thatits parts

-will be subjected to conditions similar or

substantially similar to that of the parts
of the n:ain winding and so compensate for
every variatien In the magnetic field to
wirieli the psris of the main winding are
subjected. If the auxiliary winding be so
lgeated. or diztributed. then the same varia-
tioes to which the main winding is sub-
jected, and which thereby determine the

electrorotive force generated by the main
winaing  will  correspondingly  affect the |

auxillary wincing and a corresponding
corupensationh will be secured. In iy said
prior application. I disclosed constructions

m which the auxiliary windings contained
one-half tne nuinber of conductors per cir-

cult of the main winding. According to my
present nvention, I am enabled to reGuce
the number of conductors in each auxiliary
winding.so that less than one-half the con-
ductors per main circuit are required and I
accomphish this without any practical dis-

i

F B I TE T TN [ L R T T er—. —

advantage and of course obtain further

economy and simplicity in conzstruction. .

* My present invention may be understood l

8

per coil between commutator | 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

twwvo 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-
Hiary 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 thé potential
of the ring 6, and therefore of the neutral
will be midway betseen the potential of the
positive and negative brushes. Since the
auxiliary winding is connected .to a point
which 1s below the potential of the positive
brush, 1t follows that in this position, the
electromotive force generated by the auxil-
l1ary winding should be less than one-half
the potential difference between the positive
and negative brushes, but at the same time
should be suflicient to maintain the neutral
at the desired potential. That this is so
for the position 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 1f 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. Evidently the

seven conductors of the winding generate

an electromotive force equal to .one-talf that
generated by the coils of the main winding
i 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 poidt 14 to the main winding be-
tween the two tonductors of the main wind-

ing 1n .phase 180°, the potential of point

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

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

76

80

86

90

95

100

105

110

115

120

potential of the neutral will be -below that

of the positive brush by the amount of half -

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

125

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

- conductors of the main winding in each-of

the phases 157.5,1385. . ... t0'22.5 degréesin-

- L
-
+ L :-'
[}
- . -

180.
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&

clusive. The necessary generation of elec- | but the remaining” conductors are shifted
tromotive force from point 1+ will therefore i 150 degiees from the position of Ifig, 3, the
be supplied by the seven conductors of the | auxiliary conductor ai 270 degrees of Ifig.
auxiliary winding giving the desived neutral | & corresponding to that' at YU degrees of
potential. It will be seen that the potential | £ig. 3, that at 240.0 corresponding to that 70
of ring ‘6 or neutral following the circuit j at 67.9, that at 220 corresponding to that at
from the positive brush is that produced by | 43, and that at 202.5 corresponding to that
the electromotive force' of one turn of the | at 22.5. " Also the direction of the four con-
nigin winding in phase 180, then passing | ductors-transposed in Ifig. & 1s opposite to
10 through the point 14 to the. auxiliary wind- | the corresponding conductors of Ifig, 3, 1n 75
ing, is also that produced by the electro- | order to preserve the desired .action. This
inotive forces of one turn of the auxiliary i transposition of conductors will be under-
winding in each of the phases 157.5, 133, | stood to be.correct from the fact that the
- 112.5, 90, 67.4. 45 and 22.5 to the ring, mak- | result is the same in the auxiliary winding
15 ing a swnmztion of one turn from all of the whether the conductor 1s- moving in one 8¢
phases on the upper half of the avmature | field at a certain position or in the opposite
core and seven of which are auxiliary turns | field of corresponding position with its di-
and one a turn of the main winding. - rection ‘reversed. The application of this
The potential of the neutral will be main- | feature of miy Ilnvention is 1mportant 1n
20 tained substantially constant for every other | tending to secure equal electnical and me- 85
position of the arinature, since the chang- | chanical efrects, that 1s, 1n tending to avoid:
S ing phases and electromotive forces of the | unequal distortion of magnetic field when
conductors will always be such that the elec- | current flows in the auxiliary winding and
tromotive forces generated by the auxiliary | in tending to mainfan a mechanically sym- -
25 winding will correspondingly vary. Iforex- metrical and balanced armature. For ex- 90
ample, consider Fig. 4 in which the arma- | ample, in Ifig. 6, the winding will have the
ture is shown as having rotated 45 degrees | general effect of that of ¥ig. 3 and on ac-
from ‘the position of Iig. 3. Xf in Fig. 4 | count of the more symmetrical distribution
~ we follow the circuit. from the positive | of the auxiliary winding, the armature will
30 brush, it will De seen that the potential of be more nearly mechanically balanced and 6 -
‘ping G from the positive brush is that pro- | the electrical. conditions become more uni-
duced by the - electromotive force of two | form. In this figure the seven conductors
turns of the main winding in phase 202.5 ; of the auxiliary winding are not all on one
and one turn.of the mnain winding in phase ! half of the armature as 1n IFig. 3 and INng. 5, -
35 925, then through point 14 to the auxiliary | but the conductors of the auxibary ivmgm__g 100
«inding in which there is one turn in phase | o1 [Cig. 3 in phases marked 22.5, 67.5, 112.5,
202.5 and one turn in each -of the phases | and 157.5 are transposed to the other half of
180, 157.5, 135, 112.5, 90 and 67.5. It 1s evi- the core 1n Iig. G, 180 degrees from the po-
dent that the one turn of the main winding | sition in Fig. 3 and the direction 1s oppo- .
40 in phase 225 above mentioned, has the same | Sit¢ aS explained with reference to Iig. ©. 105
value and electromotive force as if it were | The desired operation will consequently be
one turn in phase 45. It is also evident that | secured, and at the same time secure 2
the one auxiliary turn in phase 202.5 can- | MoLe synumetrical condition.. Referring to
cels one of the two turns in phase 202.5 leav- ; Iig. 6, ©t will also be seen that the sequence
45 ing the effect of one turn in 202.5 which has | of connection of ‘the conductors of the aux- 110
the same value as one turn in 22.5. There- liay Wlll‘dillg_ is not the same as 1n Iig. 3, *
fore we have the effect from the positive and that in- Iig. 6, the conductors are con-
Lrush of one turn in each of the phases 22.5 nect(_:d'm _succeession around the ring which
45 {o 180 inclusive, whichiequafs one-half 1 allows the connections to be $1_11_1P11ﬁ€d over
50 the voltage from positive to negative brush. what would otherwise be necessary. Tlﬁe 11%
instend of placing the conductors of the j samic resultant electromotive force will be
auxiliary winding in the position shown In secured however, regardless of the sequence
IFies. 3 and 4, relatively to the main wind- | of connection £o 19“1’-5 as the location of the -
ing. the auxiliary winding may be arranged CP'ﬂdUGtOI'S and !:he_(-ldlrtj,ctmn ‘Of‘- electromo-. .
55 as iu IFig. 3 upon the principle that any _tn'e-_forces_genemte are correct.- - 120
con:luctor of an auxiliary winding may be Fig. T shows the same form of machine
<hifted 180 electrical degrées and so be | and windings as in Iig. 3, but m Iag. 7
placed in a corredponding position under a | there is an additional vaumhary:lwn}dmg 16
- pole of opposite polarity, provided the di- | connected to the point 17 of thep_m_au} wind-
60 rection of the conductor is changed so that | ing 90 degrees from point 14 to which the 125
the electromotive force generateg will have | auxiliary winding 12 1s connected. Start-
the same . effect in the auxiliary winding. | 1ng froin point 17, the auxiliary winding 16
For examplé, in Fig. 5 the conductors of js sinlar In the first three turns to -the
~ the auxiliary winding 1n positions 157.4, | winding 13 but 1}1stead-of_ confinuing and .
65 135 and 112.5 are the same as in Fig. 3, | overlapping winding 13, the remaining four--lso-

.
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conductors are transposed 180 degrees and
connected as explained with reference to
Fig. 5. With this construction, it will be

secen that the .conductors are very sym-

metrically located throughout the armature
giving the desirable advantages of such an
_ Alse with two windings,.the
balancing effect will be improved as ﬁready
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-

20

25

30

35

40

45

50

55

60

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 canductors per

circuit of the main winding beginning at
the point of the main winding at which the
auxiliary winding is connected, althougl

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 1s, 1n Fig. 7, for example, the auxiliary

winding 16 is connected to tlhe main wind-

g at point 17 and thie seven conductors of
the auxiliary winding must: correspond in

thelr effect to the effect of the remaining

number ‘of conductors per circuit of the

main winding and ‘omitting the conductors

1n phase 270 which is thephase of point 17:
that 1s, must correspond. fo the 14 conductors
of the roain winding in the seven phases

imnarked 247.5, 223, 202,35, 180, 157.5, 135 and

112,58, In general it may be stated that the
algebraic sum of the<lectromotive forces in
the auxiliary.winding plus the electromo-
tive force m the main winding from the
point where the auxiliary winding is joined
to the mmun winding to either brush will be
cqual to one-half the electromotive force
between brushes. -

A rule which 1s applicable to the form of
iny invention above described is that the
number of turns in each auxiliary winding
is equal to one-half the number of tuins per
circuit of the main winding minus one-half

the turns per slot of the main winding.

Thus, the number of turng per cirveuit of the
main winding 1s 16 and there are 2 twns
per slot and therefore according to the rule
there should be ¥ X}16—}X2=7 turns in the
circuit of the auxiliary winding. It will
be understood that instead of using the nun-

‘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. Also a greater number than half
the turns per circuit might be used by pro-

'viding' an additional turn or turns I an

B

additional phase position and still obtain
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more conductors than necessary will how-
ever, 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
are preferably substantialiv 120 electrical
degrees apart s if six auxiliary windings ave
used they are connected preferably to points
stubstenitially 60 electrical degrees apart, or
witlhh 5 windings they may be 72 -electrical
degrees apart, but the points of connection
may differ widely from these displacements
and may be irregulariv displaced if desired
provided that the auxiliary conduciors are
corresponaingly located as above explained.
Usualiy the stated displacements will be
preferable, but very satisfactory results mav
be produced with other displacements.

Lhe connections of the auxiliary wingding
to the mamm winding may be made to the
comimutatorr bars 1f desired in those wind-
ings where Intermediate points of the-main
conductors per slot- are connected to com-
niutator bars, or may be made to the end
counections of the conductors of the main
winding. * -

Although the best results will Le secured
by the arrangement of auxiliary conductors
as described generally with reference to
Ifigs. 3 to 7. it will be understood that such
an arrangement 1s not absolutely required
provided the divergence is not so arveat as
to produce a conmimerciallv impractical ma-
chine. IFor example. instead of locating the
auxitiary conductors in the same phase posi-
tions 2s the corresponding main conductors,
they or some of them mav be located in
slightly different pliase positions. However.
the greater the displacement from nroper
positionr 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
apparent that 1f the number of conductors
In the auxitliary windinegs is not made ex-

actly the same as described with reference

to Iigs. 3 to 7, the number may be slightly
different and still obtain operation which
may be sufhictently satisfactory. although not

so satisfactory as might be secured with the -

‘best possible arrangement. For example, if
the number of auxiliarvy conductors were
very large. there nught -he a slightly differ-
ent number emploved from that theoreti-
cally required, or the phase lccation might
be slightly different without rendering the
-machine useless. In all cases however. the
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_substantial requirements for good balancing

effect must be present in order to produce
a commercially practical machine.

125

L will be understood that the. aux'ilia‘{'y |
windings may be considered as connected in

parallel with part of the main winding, and

65 the resultant effect desired. The use of | the auxiliary windings may therefore act
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to generate cavrent in parallel therewith.
Iy nddinz a large number of auxiliary
windines and by 1ngking 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, togéther with
the auxiliary windings 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
relative 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 ilke-
wise be applied to multi-polar machines and
to machines having the various forms of
drum windings.

Fig. 8 illusfrates as one example, a multi-
nolar machine having a drum winding and
havine my inveution embodied therein. The
four poles of the machine are indicated In
dotted lines and designated by the chivacters
N. 8;'wiihin the poles is shown a develop-
ment of the main winding and of the two
auxiliary windings which are used in s
instance. The commutator is indicated with-
in the windings at 2, and the brushes 4
which engace the commutator are shown as
bearing upon the inner surface of the com-
mutator for the sake of clearness. The two
nositive brushes are shown connected to-
oether and the twe negative brushes are
joined together as is usual 1in multi-polar
multiple civenit windings. The collector
ring is shown at 6 having one terminal of
each of the auxiliary windings connected
thoreto. The brush shown as engaging ring
G. will..of conrse, be connected to the neutral
of the three-wire distributing mains, and the
pairs of positive and negative brushes bear-
ing upon thie commutator will be connected
to the outside wmains. of the three-wire dis-
tributing mains.  The conductors of the
main windinge are nuinbered consecutively
from 1 to 32 inclusive. The phase positions
of the conductors ave designated for the pur-
pose of reference by designation of the num-
ber of electrical deerees 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 - 3060,

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 undér anotlrer pole of the

same polarity and in corresponding position.

with reference theveto. Ior example, con-
ductors 4, 5 are-in the same phase as con-
du tors 20, 21. JAlthough in Fig. 8, there

|
1

1
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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 ;n-
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 bearing 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 thie tutns per circuit minus one-half the
turns per slot, we find that this is equal to
¢ —31=—11 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 Winging
should be the middle point of the turn or
turns per slot selected. Thus, In Fig. 8, the
turn selected for starting is turn 1, 8, the
middle point being point 33, from which

one of the auxiliary windings 1s 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 1s, as--
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sumping that the turn comprising conductors

1. 8 is taken care of, then the conductors 3,
10, 5. 12 and 7, 14, should be considered 1
Jocating the three conductors of the auxil-
iary winding. The auxiliary conductor
which is to correspond to the conductors 3,
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 Ifig. 8,. it will be seen that.

100

105

conductor 34* of the auxiliarv winding

which starts at point 33 is located in phase
9295 degrees and is an incoming conductor as
required. To corvespond.to the turn 5, 12
of the main winding there should be either
an outzoing conductor in phase 90 degrees,
or an incoming conductor in phase 270 de-
orees, and in I'ig. 8, an 1incoming conductor
34c of the auxiliary winding is located in

110

phase 270. .Similarly, for the turn 7, 14 of 11°

the main winding, the corrésponding auxil-
iary conductor should either Ee an outgoing
conductor in phase 185 degrees, or an Incom-
ing conductor in phase 315 degrees. In Kig.
8, the conductor 84 of the auxiliary winding
is located in phase 135 degrees and 1s an
outgoing conductor.. The auxiliary winding
comprising the conductors 34, 34* and 3d°
will therefore act to maintain the. collector
ring 6, to which it is connected, at a corstant
potential mid-way between the potentials of

120

125

the positive and negative brushes of the ma- -

chine. - As the point of the main winding
which is located 360 electrical degrees there-

from should be at the same potentialas that
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of puint 53, these two points are shown
cross conhiected by the conductor 35. and if
destred this auxiliary winding may be con-
sidered as starting from the point 86 which
1s ¢cress connected to the point 33.

In Fig. 8 another auxiliary winding is
main winding, 90 degrees from point 33, and
which is the middle point of the turn 5. 12.
We wmay therefore assume that the turn 3,
1215 taken care of, and we should locate the
three conductors of this second auxiliury
winding so as to“correspond with the turms
7, 14, 9, 16 and 11, 18. Taking the turn 7.
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 1s an outgoing conductor in phase
135 which answers the requirement. The
auxtliary conductor for turn 9. 16 slienld b
either an outgoing conductor in phase 180.
or an incoming conductor in phase 360, and
winding 1s an incoming conductor in phase’
360. The auxiliarv conductor for turn 11.
18 should be either an outgoing conductor
in phase 225, or an incoming conductor in
phase 435 the conductor 382 of this-auxiliary
winding 1s 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 1n Iig. 8. there are two auxiliary wind-
-1:2s which begin at points in the main wind-
ing 90 electrical degrees apart. and that eacl i

shown which starts from point 37 of the
the conductor 38 of the second auxiliary
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. Jtwill also be noted that the con-
ductors of the auxiliary windings are so lo-

armature. It will be understood from the
dlagram that the auxiliarv 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 Le noted that
the arrangement is such as to bring the col-
lector ring 6 on the same side or end of the
armature as the commutator.

It will be wunderstood that anv desired
number of additional auxiliary windings
may be added to the structure represented in
I‘1g. 8 and connected at any desired point in
the main winding provided the conductors
of the additional windings are suitably 1o-
cated and-connected. It will also be vnder-
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stood that the conductors of the auxiliary | point' of these two turns 1s therefore point .

4
windings shown may be otherwise wrranmed, 65
since each conductor of such winding mayv
be placed in any one of four positions. Itis
evident that the general principles of these
windings apply to any number of slot=. ind
any number of condnetors per slotf. It will
also be clear that in ome instances bhetter
mechanical and electrical arrangements of
conductors will occur with some munbers of
auxtiary windings than with others, and
the designer may scleet such number as ()
give the desired condition. |
front 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 forms of armatire windines.

It will also be understood that my inven-
tionn may be applied to machines having sta-
tronary- armatives and revolving fields. in-
stead of machines having rotating arma-
tures as above described. '

FF1g. 915 a diagram which <hows the loca-
tion of the conductors of IYig. 8 on the arma-
ture. The poles NS arve mdicated in full
Iines. and the armature core 15 designated by
the character 40. and is represented in sec-
tions.  The core is indicated as beire a
slotted core. and the conductors of the maiu
and auxiliary windings are designated by
the same characters as in Fig. 8. it will be
noted that the conductors of the anxiiiary
windings are shown as leeated in the hattom
of the slots. and this location i preferable.

Fig. 10 illustrates my invention as applied
to -a machine having a larger numnber of
conductors than that represented in Fie. 5.
and having more than one turn per slot.
The machins ivpresented in Fie. 10 is the
same as that «f Fig. 8 except that there are
two turns per slot per circult instead of one.
and each turn is provided with its corve:
sponding commutator semnent. There are
therefore twice as manv conductors or tirmns
and twice as many commutator semnents in
Fig. 10 as there are in Fiz. & With the 64
conductors in the main winding of Fig. 10,
and four multiple cireuits. there are 16 con-
ductors per circuit from brush to brash-
bearing on the commutator. or eight trns
per circuit and two turns per slot. . Applv-
ing the rule above givei:that the number of
turns per auxiliary winding shall be one-
half the turns per circuit minus one-hglf
the turns per slot. we find that this is equal
to § —3=3 turns for each auxiliary winding
or 1x conductors for each auxiliarv wind-
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
starting one auxiliary winding are made up
of the conductors 5, 19, 6, 20. The middle :
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correspond to the tuins made up
~ductors -9, 23, 10, 24, 13, 27, 14, 28,717, 31,

£ S -

41/, from which the auxiliary winding 42*

(o 42 starts. Assurning that these two turns
are taken care of, the six conductors of the
auxiliary winding should be located to cor-
respond to the remaining ¢onductors of this
circuit of the main winding; that is, should
of con-

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

be either an outgoing.conductor iir phase 90
and an iricoming conductor in phase 270; or

two outgoing conductors in phase 90, ot if

19

desired two incoming conductors in phase
970. In the auxiliary winding 42* to 42f,

._.the conductor 42¢ is an qutgoing conductor
" in phase 90, and the conductor

i‘z" 1S an in-

“:goming conductor in phase 270, which an-

******

26 Ewers the requirement.

.25

30

turns made up of conductors 13, 27, 14 and
28, the corresponding auxiliary conductors
may be an outgoing conductor in phase 135,
and an incoming conductor in phase 319, or
may be two outgoing conduators in phase
1853, or two incoming conductors in phase
315. In the figure, conductor 42° 1s an out-
roing conductor-in phase 135, and 42° Is an
incoming conductor in phase 313, 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

~ conductor in phase 300, or two outgoing

39,

-
]
[ ]
- = -
-
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" o
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conductors in phase 180, or two lncoming
conductors in phase 360. The conductor 42*

is an outgoing conductor in phase 180 and.

491 i5 an incoming conductor in phase 360.

. Consequently, the auxiliary winding 42* to
‘49t contains six conductors located 1n posi-

“Zfions which answer the requirements and

45

655

60

- corresponding, p ,
1t will bé understood that the various con-

65

the winding will therefore serve to main-

tain ring 6 at the desired neutral potential.
Point 41 where the auxiliary winding starts,
is shown cross connected to point 437, lo-
cated 360 electrical degrees therefrom, and
which connection assists to improve the bal-
ancing effect. | o,

. Another auxiliary winding comprising the
conductors 442, 445, 44¢, 449, 44° and 43 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 heu-
tral potential of ring 6 constant. ‘ot =3
is cross connected to point.46’, which s the
oint of the same potential.

" ductors which are arouped together in Fig.

10, occupy the same slot as explained in con-

nection with Fig. 8, and that the other gen-

Now taking the

Point 45"

1

|

‘conductors of the balancing winding may

l.
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i eral statements made in connection with

Fig. 8 also apply to Fig. 10. T

In the diagram Fig. 10, although I have
shown the main winding with full pitch, 1t
will be evident that wsvith 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 négative brushes, and also that the alge-
braic sum of the electromotive forces from
the collector 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 equally
applicable to series or two-path windings.
For example, with a six pole machine hav-
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 59, we would have for the auxihary

‘winding %% — § = 28%, for each auxiliary

winding. Lo
Although in modern machines, the num-

7¢

8¢

90

95

ber of conductors in the. main armature -

winding is usually very much larger than
the number represented in these figures, 1t

art how the conductors of the auxiliary

will be understood by those skilled in the .

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
myv invention may be embodied In various

forms of construction, and that I am not

limited in the scope thereof to the particu-
lar form shown and desecribed. _
Having thus, described - my invention, I

‘declare that what I claim 3s new and desire.
‘to secure by Letters Patent, 1s,— —

1. The combination with a direct current
oenerator, of a plurality of auxiliary dy-
namo electric generating windings wound on
the armatgre core of said generator and elec-
trically connected to ‘points of different po-
teritial in the armature of said. generator

105

110

L S Py

115

:

and also electrically connected to a common .

point, each of said auxiliary windings hav-
ing less than one-half the conductors per cir-
cuit of the main winding; and certain con-

“ductors of said auxiliary windings being lo-

cated unsymmetrically. with reference to

each other. .

2. The combination of a winding having
u commutator, a field magnet, and a dynamo . -
clectric generating winding conneeted to a

point of. varying potential 1n - said first
named winding, said second winding having
less than one-half the conductors per circuit
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of said first named windiug,
core slots also containing conductors of <aid

firs named winding.

. 8. The combination of a winding having a
commutator, a field magnet, and a plurality
of dvnamo electric generating windings con-
hected to points of different and varving po-
tentials of said first naied winding. “each
of said plurality of windings Ilraving less
than one-half the number of conductors per
circuit of said first named winding

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 dvnamo electric

generating windings connected to points of
different and varying potentials of said first
named winding and subjected to the same
magnetic field for generating a maximum
electromotive force equal to less than one-
half the electromotive force generated by
sald 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-

tain conductors of said first named winding.

5¢ The combination of a winding having

a2 commutator, a field magnet, and 4 dvnamo

electric generating winding connected to a
point of varying potential in said first
named winding, 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 commmutator, a field magnet. and a dynamg
electric generating winding, connected to a
point of varying potential 1n sid first named
winding, said second winding having a
number of conductors different from one-
half the conductors per circuit of said first
named wineding and less than the number of
conductors per circuit of said first named
winding and located in core slots also con-

of said first named

-

(. The combination of a winding having a
a plurality

55 of dynamo electric generating windings con-

60

65

tentials o

Pbints of different and varyﬁlg po-

su1d first named winding, éach of
sald plurality of windings having a number

nected to

of conductors differént from one-half the.

number of conducto... per circunit of said

first. named winding:and located in core
slots also containing cunductors of said first

named winding.: -

r

‘8. The combination with a direct current

: and lo-
cated In core slots also contdining cordluctors !

and logated in | tainine o fixed

|
{
|
|
1
|

generator, of an auxiliary winding for main-

9

At potentiul, suidl witiding hay-
Ing its paris located under the influenice of

, tie agnetic field o correspond subston-
- tlally with the phase location of the parts of

a cireuit of the main winding excéyting the
portion of the main winding to which the
auxtliary winding is connected.

e {'mnhimlti{)ll with a direct cHrrent
generator, of means for maintaining a fixed
wterniediate potentianl COMPIISING un anx-
thary winding on the armatire core for
dynamically generating a maximum elect yo-

| etive foree equal to less than one-linlf the

clectronmotive foree of suid generator, and n
cetlectar ring to which sald anxiliary wind.
g s connected. a

10, The combination with a direcet enyrent
generator, of an auxiliary winding connect-
ed to a pomnt of varving pateniial in the
miin winding for maintaining a fixed in-
termediate potential, suid auxiliary winding
naving its cenductors located on the arfnature
to- cerrespond substantially with the phase
location of a part only of the conductors of
a cwrcuit of the main arinature winding,
certain copductors. of the auxiliary winding
being unsyimmetrically. located with refer-
erce to each.other, and a collector ring ta

which said auxiliary winding is connected.

11. The combination with a direct current
generator, of means for maintaining a fixed

potential, said means comprising a winding

having its parts located in the magnetic feld.

cenductors of the main armatire winding
(o correspond substantially witl: the location

of parts of the main armature winding and

having a number of conductors equal to less
than one-half the conductors per cirenit of
the mam winding, and a collector ring to
which said auxiliary winding is comnected.

12, The combination with a direct corrent
generator, of means for maintaining a fixed

| potential, said means comprising a winding

tor generating a maxinnun electromotive
force equal to less than one-half of the elec-
tromotive foree of said generator and hav-
Ing 1ts parts located in the magnetic field to
correspond substantially with the pliase
location of only parts of a circuit 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 formain-
taining a fixed intermediate potential, said
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 substantiglly with the

‘J'hase location of only a part of a circuit 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 a collector ring to which the
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stantially with the phase location of a cir-

winding.

point of-fixed: potential from a direct cur-
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ather termiual of said auxihary winding 1s, the sald fixed point, said resultant electro-

connected. . motive force being attained by generating
14. The combination with a direct current l a4 plurality of electromotive forces in dif-
pencrator, of an auxiliary winding adapted !} ferent phase relationship and in phases cor-
to generate varying electromotive forces for | responding to the phase distribution of only
mnaintaining a point of fixed potential, said { a part of a circuit of the main armature
auxiliary winding having less than one-half | winding. ' | L
the conductors per circuit of the main wind- 19. The combination with a multipolar
ing and located in slots of the armature core | direct current generator, of an auxiliary
which slso contain conductors of the main | winding distributed on the armature ‘for
armature winding. dynamically maintaining an intermediate
15. The combination with a direct current | fixed potential, one terminal of sald auxil-
generator, of ap auxiliary winding adapted | iary winding Leing connected to a plurality
to generate varying electromotive forces for | of points in’ the main winding having the
maintalning a pou}i:t of fixed potential, said | same potential approximately, said auxil-
auxiliary winding having less than one-half | iary winding having less than one-half the
the conductors per circuit of the main wind- | turns per circuit of the main armature wind-
ing snd located in slots of the armature core I ing, and a collector ring to which the other
| .

which also contain conductors of the main | terminal of said winding is connected.
armature winding and the said conductors 20. The combination of a multipolar di-
of the auxiliary winding being located at | rect current generator, of a plurality of aux-
the bottom of said slots. . iliary windings distributed on the armature
16. The combination with a direct cur- | for dynamica?ly maintaining an intermedi-
rent generator, of an auxiliary winding : ate fixed potential; one terminal of each of
adapted to generate varying clectromotive | said windings being connected to a plural-
forces for maintaining a point of fixed po- ! ity of points in the main armature winding
tential, said winding being connected at | having the same potential approximately,
one terminal to a point in the main arma- i the points of connection of one auxihary
ture winding and having its parts located | winding being displaced less than 180 de-
in the magneti¢ field to correspond sub- |.grees clectrically from the points of connée-
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 cénnected. ~ ' *' ,
17. The combination with a direct cur- 91. The combination with a direct cur-
rent generator, of an auxiliary winding | rent generator, of an auxiliary winding for
adapted to generate varying electromotive maintaining an intermediate potential, &
forces for maintaining a point of fixed po- | collector ring to which one terminal of said
tential, -said winding having its parts dis- winding is connected, the other terminal of
tributed with relation to the maggnetic field | said winding being connected to the mamn
to correspond substantially with the phase | armature winding. and the number of turns
location of only a part of a circuit of the ; of the auxiliary winding being one-half the
main armature winding and also to substan- | number of turns per cirvcuit of the mam
tially balance the armature mechanically. winding minus one-half the turns per slot
18 The method of deriving an additional i of the main winding. |
Tn testimonvy whereof I affix my signa-
ture, in- presence of two witnesses.

cuit of the main winding excepting that por-
tion to which the auxiliary winding 1s con-
nected and having its conductors located in
the slots of the armature core which also
contain conductors of the main armature
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rent machine. which consists in generating
dvnamically a resultant alternating electro-

L

Witnesses:
corresponds to the change 1n potential of a - L. K. SAGER,
point inn the armature from the potential of Geo. N. IXERR.
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Copies of this patent may be obtainea for five cents eaﬁh, b} addressing the Commissioner of Patents.

"Washington, D. C”
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JAMES BURKE.
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