No. 753,429. PATENTED MAR. 1, 1904.
' J. F. McELROY.

ARMATURE WINDING.

APPLICATION PILED NOV, 11, 1802.
RO MODEL, 3 SHEETS—SHEELT 1.

~ 5 ‘ ] ’5 3 | '.f '*J ,z ’..r ) I.!"f
"u‘ \ zz\ \‘ 1 1 F , . 7
. \\ " b f p ’\9 ’{.rf d
28—" h 2 ‘ —’ ~
\ o 3 4;_. f}f ,3 ;
}f \'\H y N ] . 2%.
N v, 2 - S i
. “ ~ 345 _—#_‘_.&"'#; 23
/ 18 4. W& & }
g =~ 2 8
\ S 8
/1 235 o 10 16
R 9 1) 7’":"“ B
K 12 L e
N A 7 \3 [ :
24 32 \4 9 I
23 |
) 7 2 16 .6
/2 R 18 2
f‘*'# z‘z l ™ - = -
i ",..-" k 1 H.""'-.._
..-;? 297, x%o r'a
< SO\,
2»1 d /z 23 \ { \ \ﬁ{z
z ‘ ‘ 1 o/ AW @ 7 \
- )/ _."':210 ! ,f--z ! ..J-Z"?' \ "'-'\‘\
= I Y | ,’f_ ;’ 257 * 7 \& 13N N
r/ : !_ \‘t\ 3 :’ J" Tl* I “"30 /
= $ ! = /! . /0 ' H \ '
£ E 3 ‘ /o iy | 16 31 \
. E : b 7
= e—:
;/ A,
= =
\\

THE NOHRIS PETERS CO . PHOTO-LITHD., WASHINGTON, [ O




No. 753,422. PATENTED MAR. 1, 1904.

J. F. McELROY.

ARMATURE WINDING.
APPLICATION FILED NOV, 11, 1902.

3 SHEETS--SHLEET 2.

NO MODEL,

iEsssss 00 BE8E haveds




. No. 753,422, - | PATENTED MAR. 1, 1904.
' J. F. McELROY. |
ARMATURE WINDING.

APPLICATION FILED NOV, 11, 1902,
NO MODEL. ' 3 SHEETS—SHEET 3.

'_Lrﬂi-t_rjes.'__'s.ﬁ. S Invenlor




10

No. 753,422,

UNITED STATES

Patented March 1, 1904.

PATENT OFFICE.

'JAMES F. McELROY, OF ALBANY, _
DATED CAR HEATING COMPANY, OF ALBANY, NEW YORK,
PORATION OF WEST VIRGINTA.

NEW YORK, ASSIGNOR TO CONSOLI-

A COR-

ARMATURE~WINDING.

SPECIFICATION forming part of Letters Patent No. 753,422, dated March 1, 1904.

Application filed November 11,1902, RSerial No. 130,836,

To all whom tt may concern:

Be it known that I, James ¥. McELRroY, a
citizen of the Umted States, residing at Al—
bany, county of Albany, State of New York,
haveinvented certain new and useful Improve-

‘ments: in Armature-Windings, of which the
following 1s a Spemﬁcatlon that taken with
the accompanying drawings, sets forth that
form of my invention which I now regard as

the best one out of the various forms in which

its principles may be embodied.

20

In the drawings, Figure 1 shows a general
diagram of my armature-winding and Figs.

=1

2 to 6 show diagrams i1llustrating the princi-
ple and the details thereof.

My invention comprises an armature-wind-
ing for multipolar dynamos and motors which
is perfectly symmetrical and balanced and so
cross-connected at intervals that the electro-
motive forces in corresponding parts of the
winding are equal and uniform, the result be-
ing that the sparking at the commutator is
materially reduced, the machine is loaded

uniformly in all parts of the winding, and 1s

not affected by any variation from exact con-

- centricity of the armature with respect to the

30

35

40

45

stantially identical electromotwe forces.
practice T have employed this arrangement

Moreover, the arrange-

eld—

field-magnet poles.
ment of the coils with respect to the

“magnets is such that one of the field-magnet
'coﬂs can be short-circuited or the

Held pole-
piece be removed altogether without injury
to the armature, since in such event there are

in my invention no coils left without electro-
motive force and in condition to sh01 t—-cu cult

the remaining active coils.
More. pa,rtlcula,rly, I provide an arrange-

‘ment wherein the winding is cross-connected

at succeeding points along its route from
brush to brush and the said cross-connected

points separated by generating-coils so dis-

posed as to traverse in series the portions of
both minimum ahd maximum density of the
field-magnet flux. By this means the parallel

-or multiple portions of the winding are
brought to the same potential at the cross-
-- connectea points, and between those polntsthe

branches are caused to generate sub-

In

multiple

- 50 with a machine having in its armature an even

1 number of coils, which 1s alsoan even multiple
ofthe number of field-magnet poles, and hav-
ing between the succeeding cross-connecting

points aforesald two or more colls in series

placed, respectively, on different parts of the
armature, so as to include in the series elec-

tromotive forces which may differ in value
individually by reason of differences in the

density of the magnetic flux which they re-
spectively traverse, whether such difference
is due to eccentricity of the armature with

respect to the field-magnet or to any other

cause. I also preferably place the said cross
connections in the commutator, and in each
armature-slot I place two coils, one connected
between two commutator-bars adjacent to the
said coil and the other connected between one
of sald adjacent bars and a bar on the opposite
side of the commutator. It should also be
mentioned that the aforesaid disposal with re-

“spect to the magnetic flux of the series coils

is best secured by making up each set of coils

(that is to be in multiple with other sets) of
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component coils equal in number in every.

phase of motion and similarly placed with re-

the active sides of coils that are in series in
any section of the set shall be placed 1n simi-
lar positions with respect to the several
and, furthermore, that the said coils in series
shallin a four-pole machine, for example, cut
the entire flux as a wholein a gquarter of a ro-
tation or relatively in a corresponding part of

a rotation In machines having a greater num- .

ber of poles.

Referring to Fig. 2 of the drawings, let it
be supposed that between the terminals zand
v, which may represent the brushes of a ma-
chine, there are a number of generating-coils
arranged in multiple series, each coil generat-

eighty volts. If the parallel sets of coils are

cross-connected by the wires z z 2 at points be-

tween succeeding pairs of coils, then at those
points the potentlal will be equalized in the
two series.

Helds,
30

Moreover, if the two coils 1 and

75

spect to the fields of force, while in addition

90
ing, say, ten volts and the eight coils in series

95

1*, for example, are wound, respectively, on
opposite sides of the armature, upon which .
sides the density of the magnetic flux mayv dif-
fer, then, since the coils are in series, any in-

100




2.

equality in the electromotive forces of the two
respective coils will be rendered innocuous.
The total electromotive force of the two will

“ remain constant, and since the opposite coils
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-CaUSES.

1 and 1* are of the same length and similarly
disposed the two sets will be perfectly bal-
anced, and little or no equalizing-current will
flow over the cross-connecting wire z. The
same 1s true of the succeeding pairs or sets of
pairs of the series. This illustrates the fun-
damental principle of my invention, and it
will be understood that this arrangement may

be embodied in various ways, the number of

coils 1In series between adjacent cross-connect-
ing points and the number of parallel series
being as numerous as may be desired and ar-
ranged In any manner suitable for eliminat-
ing the effect of variations in electromotive
force of the individual coils due to differences
of flux density around the armature or other
Moreover, the frequency of the cross
connections may be whatever the constructor
desires, there being between them a sufficient
number of coills in series to bring them to sub-
stantially the same potential, which is, how-
ever, insured and maintained by the cross
connections themselves. To embody this ar-
rangement in a practical form, I have desired

the construction shown in full in Fig. 1 and
1llustrated in principle in Fig. 3. In thiscase

there are four field-magnet poles and thirty-
two armature-coils, with thirty-two commu-
tator-bars. In practice the number will ordi-
narily be much greater. Every other commus-
tator-bar is connected directly to the bar dia-
metrically opposite toit, there thus being eight
cross connections which have the function
already described. 1 show four brushes ap-
plied to the commutator ninety degrees apart,
although, if desired, two of these brushes may
be omitted and two brushes only ninety de-
ogrees from each other be utilized. In that
case the aforesald cross connections will also
serve the purpose of the ordinary commuta-
tor cross connections, which permit the use of
two brushesona four-pole machine. Ineither
case there will be in the winding four parallel
branches from the negative to the positive
brush, (or brushes,) each branch containing

eight coils in series cross-connected, as de-

scribed, at eight intervals between points of
like potential.

Referring to Fig. 3, there will be found
therein a diagram of the connections of the
thirty-two coils and the commutator, although
it should be understood that in this fioure the
relation of the several coils tothe several field-
magnet poles 1s only indicated by letter, those
lying at a given time under the first pole be-
ing designated by A, those under the second
pole by B, those under the third pole by C,
and those under the fourth pole by D. The
two brushes for the incoming current are de-
noted by the arrows 2 and «’ at the top and

bottom, respectively, and the two brushes for

753,422

the outgoing current by the arrows v and 2/
at the right and left side, respectively. The
several coills numbering from one to thirty-
two are arranged in a circle, and between the
several coils are connected, as usual, the re-
spective commutator-bars E' I&* 1° to I, the
even-numbered bars being cross-connected to
the bars diametrically opposite, while the odd-
numbered bars are not cross-connected at all.
It should be noted that in this figure the bars
are shown following the numerically-arranged
colls without regard to the position they
would occupy when arranged in their normal
and practical order. Taking note now of the
field-magnet poles, as indicated by the letters
A, B, C, and D, it will be observed that be-
tween each two even-numbered commutator-
bars there are two coils in series, one lying

under or in a given relation to one pole and

the other under or in a somewhat similar re-
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lation to the corresponding pole one hundred -

and eighty degrees distant. Thus between
bars E* E* and E* E* are on one side the coils
1 and 2, the former under pole A and the lat-
ter under the opposite but homonymous pole
C, while diametrically opposite coils 1 and 2
are the coils 18 and 17, also under poles A and
C, respectively, and likewise connected in se-

1%

ries between bars E’ and I&*°, cross-connected

to E¥ and X%, respectively. There is a simi-
lar relation between coils 31 and 32 and their
opposites 15 and 16. Thus if by reason of
wear 1n the journals the armature runs closer
to pole A than to pole C, making a maximum
flux at the former and a minimum flux at the
latter pole, yet the two coils under the re-
spective poles are in series, and the total elec-
tromotive force of the two remains the same
or at least the same as that of the diametric-
ally opposite two with which they are bal-

anced, the deficiency of electromotive force 1n

one being supplemented by the excess in the
other. They therefore conform to the prin-
ciple illustrated in Kig. 2. In like manner
the coils in each quarter of the winding are bal-
anced 1n pairs with those in the diametrically
opposite quarter, and in general starting from
one brush there is the same arrangement that
will be found in starting from the diametrically
opposite brush. Of course the foregoing ref-

erence to a coil as lying under a particular pole

1s only a means of indicating the direction of
current flow therein. The coil may, in fact,
have as many turns as desired, each turn
coming under a different pole of the same
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name; but the total effect therein may be rep-

resented by one turn under one pole, as above.
In order to bring about the described relation
of the coils to the poles, 1 prefer to employ

the following expedient: The coils are placed

in pairs, each pair preferably spanning ninety
degreesof the armature-circumference. Thus
in KFig. 4 coils d ¢ and & 2 are indicated as
spanning ninety degrees and placed in the
same palr of slots in themanner shown in Fig.

125
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bar E* and cross-connected thereto

“wise from bar 15.
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6. One of these two coils—to wit, ¢ ¢—has
1ts terminals connected to two adjacent com-
mutator-bars E* and E*, lying just opposite
the center of the pair of colls, while the sec-
ond one—to wit, 6 #—has its ‘terminals con-

‘nected between the last of the said two adja-

cent bars—. ¢., bar E* and a bar next beyond
the one one hundred and eighty degrees from
the said last bar. " To repeat, the (3011 d ¢ (cor-

'reSpondan’ to, say, coil 32 of Figs. 1 and 3)

1s connected between bar E* and E*, while
coll & 7 1s connected between bar E* and bar

EY, which is next beyond bar E*, which in
furn is one hundred and eighty deo’rees from

simple rule of arrangement is carried out all
around the armature, the conditions above de-
scribed will be produced. In Fig. 5 the con-

tinuation of the connectionsof Fig. 4 is shown, -
‘the arrangement, starting clockwise from bar

31, being identical with that starting clock-
Thus coils 1 and. 32 are
under pole A and the latter—«. ¢., coil 39—
connected between bars 31 and 32. From bar
32, a polnt of cross connection one branch
containing two coils in series goes through

coil 1, (nnder pole A.)thence across to bar 17

to coil 2 (under pole C) to bar 18, while the
other branch, also containing two coils in se-
ries, goes from the bar 16 (cross-connected to
bar 32) through coil 17, (under pole C,) thence
across to bar 1, thence through coil 18 (under
pole A) to bar 2, (cross-connected to bar 18.)
This, 1t is manifest, follows out the arrange-

ment diagrammed in Fig. 3 and contains the

feature of coils i series, but under different

poles, connected by the cross connections in
“the commutator in parallel with other coils
In series under corresponding poles.

In Fig. 1 the complete winding is shown

“and correSponds to what has already been de-
seribed.
spondingly with the above description, and |
- the circults may readily be traced.
- necessary to follow them out, as it would but:
dnphca,te the description already otven.

The parts are numbered corre-

It may be observed that the 00115 In series
may have different electromotive forces, be-
cause of a difference in the density of the ﬂnx,
due to eccentficity of the armature or due to

a difference in the relation of the respective

coils to like ﬂnxes or to unequal number of
ampere-turns in the field-coils; but whatever

the occasion of a difference between the elec-
tromotive force in a coil at one part of the ar-

mature from that at another part it may be

practically canceled out by distributing two

~‘or more coils in series around the armature at

6o

the respective points of differ ence 1n the man-
ner clearly set forth.
Taking the winding  of Fig.: 1 as a Whole

there are four pamlle‘ branch circuits from

the two negative brushes through the winding
to the two positive brushes, each branch con-

If this

It is not |

orees.
branches,
branches will be identical.

3

taining eight coils in series and divided by the

cross connections into four sections of two

coils each. Fig. 2 may be taken as repre-
senting two of such branch circuits, the other
two branch circuits being a duplicate of the
two shown, but only connected thereto at the
brushes 2 and 7 y. In Fig. 1 these four branch
circults are dlstlnoulshed by differently-
formed arrows, one circult bearing single-
headed arrows, another three-headed arrows,
and the last four-headed arrows. Each of these
four branch circuits will contain at all times
a like number of coils. Whatever may be the
phase of movement the coils in each branch
are always equal in number to those in the
other branches. Moreover at every phase of
movement the coils in one branch bear the
same relation to the respective field-magnet
poles as do the coils in the other branches.
Again, 1 each two-coil section of each branch
the four active sides of the two coils (each
coil necessarily having -two active sides) are
in practice placed in similar positions with re-
spect to the four poles. For example, coils 3

and 4 are 1n serles with each other in the
9o

branch distinguished by the two-headed ar-
rows. One side of coil 3 lies near the right-
hand corner of pole C and its other side simi-
larly near the corner of pole B, while the coil
4 would in practice have its two sides in cor-

résponding relation to poles A and B,although

with only the few coils that can be shown In
the figure they come nearer the center than
the corner of the respective poles. Finally,

they are so arranged that each pair of coils in

a section will in a quarter of a rotation cut
the entire flux—that is to say, one of the pair
will first include and then exclude the lines of

fTorce proceeding from one pole—say a north

pole—while the other one of the pair will si-
multaneously include and then exclude the re-
maining lines of force proceeding from the op-
posite north pole. To thisend the pole- -pleces
will embrace an arc of the armature circum-
ference comprising a suitable number of de-
This being carried out in all four
the electromotive forces in the
Each will contain
the same number of active and the same num-
ber of inactive coil sides and the pairing of
the coils in series will neutralize any ine-
quality of distribution of the magnetic flux.

In practice when the coils are numerous—

say elghty instead of thirty-two—one of the
four field- magnet pole-pieces can be removed
entirely, giving the maximum distortion of the

flux, which now enters at one north pole and

18 dlmded to two south poles, and no ill ef-

Tect will follow beyond a small drop in the
| total electromotive force of the winding.

I am unaware of any previous W1nd1nﬂ*s in
which in a multipolar machine the eTectS of
unequal distribution of the flix between the
different sets of poles is thus neutralized by
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coils in series embracing between them the en-
tire magnetic flux, so that inequalities therein
may be evened up and their effects canceled.

What I claim as new, and desire to secure
by Letters Patent, 1s—

1. An armature-winding containing sets of
coils in parallel cross-connected at intervals,
there being In each set two or more coils in
series between succeeding cross-connecting
points. .

9. An armature-winding containing sets of
coils in parallel cross-connected at intervals,
there being, in each set, two or more coils In
series between succeeding cross-connecting
points and the said two or more coils being
placed respectively in different positions
around the armature.

3. An armature - winding containing be-
tween succeeding cross-connecting points two
coils in series placed respectively at points on
the armature giving different electromotive
forces at the same time, and connected in par-
allel with two coils correspondingly situated
on the armature, the sets of coils aforesaid
being in series with another set similarly ar-
ranged. |

4. An armature-winding containing sets of
coils in parallel cross-connected at intervals,
there being in each set two coils in series be-
tween succeeding cross-connecting points, and
the said two coils being placed respectively at
magmnetically-opposite points around the ar-
mature.

5. An armature-winding containing sets of
coils in parallel cross-connected at intervals
through the commutator, there being in each
set two or more colls In series between suc-

ceeding cross-connecting points.

6. Thecombination with a commutator hav-
ing cross-connected bars placed between bars
not cross-connected, of an armature-winding
having coils connected in series between two
sets of cross-connected bars.

7. The combination with a commutator hav-
ing alternate bars cross-connected, of an ar-
mature-winding having two coils in series con-
nected between two sets of cross-connected
bars and & connection from a polint between
the two series coils to a bar not cross-con-
nected.

8. The combination with a commutator hav-
ing cross-connected bars placed between bars
not cross-connected of an armature-winding
having two sets of coils, each set containing
two coils in series, connected in multiple be-
tween two cross-connected bars.

9. The combination with a commutator hav-
ing cross-connected bars placed between bars
not cross-connected, of an armature-winding
having two sets of coils, each set containing
two coils in series, connected in multiple be-
tween two cross-connected bars and the two
series coils composing each set placed respec-
tively in different positions around the arma-
ture.

753,422

10. The combination with a commutator hav-
ing cross-connected bars placed between bars
not cross-connected, of an armature-winding
having two sets of coils, each set containing
two coils in series, connected in multiple be-
tween two cross-connected bars, the two series
coils comprising each set being subject to dif-
ferent electromotive forces and connected at
an intermediate point between them to a com-
mutator-bar not cross-connected.

11. The combination with a cross-connected
commutator-bar placed between barsnot cross-
connected, of two armature-coils similarly
placed on the armature, both coils having
their inner terminals connected to the said
cross-connected bar and their outer terminals
connected respectively to bars not eross-con-
nected.

12. The combination with a cross-connected
commutator-bar of two armature-coils simi-
larly placed on the armature and both having
their inner terminals connected to the cross-
connected bar aforesaid and thelr outer ter-
minals connected, one to a bar adjacent to the
said cross-connected bar and the other to a
bar on the opposite side of the commutator.

13. Anarmature-winding havingitscoilsar-
ranged in pairs around the armature, the two
coils of each pair spanning substantially the
same arc, and a commutator having cross-con-
nected bars each connected to the winding at
a point between the two coils of one of said
pairs, and bars not cross-connected, each con-
nected to one of the outer terminals of one of
said palrs.

14. Anarmature-winding having itscoilsar-
ranged in pairs, one coil of each pair connected
between two adjacent commutator-bars and
the other connected between one of said adja-
cent bars and a bar on the opposite side of the
commutator.

15. In a multipolar dynamo an armature-
winding having an even number of coils which
is a multiple of the number of field-magnet
poles combined with a commutator having
cross-connected barsequal in number to a mul-
tiple of the field-magnet poles and bars not
cross - connected sufficient to make the total
number of bars equal to the number of arma-
ture-coils.

16. In a multipolar armature-winding the
combination with four or more sets of series
coils arranged in multiple between opposite
brushes of cross connections between each two
or more successive colls of each two sets.

17. In a multipolar armature-winding, the
combination with four or more sets of series
coils arranged in multiple between the oppo-
site brushes and the several sets containing at
all times an equal number of coils, of cross
connections between each two or more suc-
cessive coils of each two sets.

18. In a multipolar armature-winding the
combination with four or more sets of coils

| connected in multiple between opposite
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brushes and the coils of each set being 1n se-
ries with one another, of c¢ross connections in
each set at intervals between the coils com-
prising a set, the coils in one set bearing the
same respective relation to the field-magnet
poles as the coils of every other set.

19. In a multipolar armature-winding the
combination with sets of coils in multiple, the
coils of each set being in series with one an-
other, of cross connections between the sets
placed at intervals including two or more of
the coils in series, the colls in series between
cross-connected points being arranged to trav-
erse the entire magnetic flux each time that
they pass a set of field-magnet poles of the
same name. |

20. In a multipolar armature-winding the
combination with sets of coils connected 1n
multiple between opposite commutator-

brushes, the coils of each set being in series,
of cross connections placed at intervals includ-
ing as many coils in series as there are field-
magnet poles of the same name and the coils
thusin series between cross-connecting points
bearing respectively the same approximate re-
lation to the respective poles of the same name.

21. In a multipolar armature-winding, the
combination with sets of coils connected in
multiple between opposite commutator-

brushes, the coils 1n each set being in series

with one another and the same in number 1n
each set, of cross connections between such
sets placed at intervals which intervals em-
brace as many coils in series as there are north
poles in the field-magnet structure and the
several colls thus in series between cross-con-
necting points bearing approximately the same
definite relation to the said north poles re-
spectively, whereby the said coils 1in series be-
tween cross-connecting points may traverse as
a whole the entire magnetic flux proceeding
from said north poles and again traverse asa
whole the entire magnetic flux when passing
next by the corresponding south poles.

In witness whereof I have hereunto set my
hand, this 8th day of November, 1902, before

two subscribing witnesses.

JAMES K. McIELROY.

Witnesses:
ErxesT D. JANSEN,
Wirriam A. MoORRILL, Jr.
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