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To all whom it may concern:

Be it known that I,Jacos E.
8 citizen of the United States, residing at
Schenectady, county of Schenectady, State
of New York, have invented certain new and

“useful Improvements in Dynamo-Electric

Machines, of which the following is a specifi-
cation. L .

- My invention relates to dynamo-electric
machines, and refers particularly to ma-
chines of the type known as ““homopolar’’ or
“acyclic.”  These machines consist in gen-
eral of a revolving armature in a uniform

~ field. The rotation of the armature 1m this
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~bility of obtaining anything but a ver

field produces a constant difference of poten-
tial between the extremities of the armature,
so that by means of brushes bearing on oppo-
site .ends of the armature a uni irectional
current may be led off from the machine.

The advantage of obtaining .a unidirectional

current without employing a- commutator-

has long been recognized, and many at-
tempts to utilize a homopolar machine com-
mercially have been made.  Two difficulties

‘have heretofore been found by the designers

of such machines. In the “first place, at
1 at which dynamo-electric machines
have ordinarily been operated heretofore, the
voltage obtainable from machines of this
type has been much too low to permit of
their general use. It is not possible to wind
the armature of such a machine with .2 num-

ber of conductors in series as in commutating

machines, but if a voltage greater than that
of a single conductor is desired, it is necessary
to place a number of conduetors on the ar-

mature and provide each with two collector.
rings. The conductors can then be placed in |

series by properly connecting the brushes
bearing on the collector rings. The Impossi-
low
voltage without resorting to a prohi 1tive
number of collector rings has heretofore lim-

1ted the application of ““homopolar’’ ma-

chines to

_ (furposes: for which only a low
voltage an

large current is required: such,

for instance, as in electric welding. A second

objection to the use of these machines con-
sists 1n their enormous armature reaction due

to the large volume of current, flowing in the |

conductors and collector rings. This reaction
produces a large drop of vo%ta,ge under load,
and has made the regulation of such ma-
chines too poor to permit of their use for

NoEGGERATH,

general light and power purposes, even if a

sufficiently high voltage could have been

obtained without excessive multiplication of

the number of collector rings. L

The first of the above objections to the use
““homopolar’’ machines is. being rapidly

‘removed by the growing utilization of steam

turbines as prime movers.  The great pe-
ripheral velocities obtainable by the use of
steam turbines render it possible to obtain a

sufficiently high voltage in a ‘“homopolar’’

machine for general commercial use without

employing an excessive number of collector

rings. Furthermore, it is very difficult to
design direct-current generators of the com-
mutator type suitable for rotation at the

SCHENECTADY, NEW YORK, ASSIGNOR TO
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very high speed of steam turbines, both on

account of difficulties in mechanical con-

struction and also on account of the difficulty

of securing proper commutation, while the
mechanical construction of “homopolar”
machines may be readily adapted to with-
stand high centrifugal strains and the ques-
tion of commutation does not enter at all.
These machines are consequently particu-
larly desirable for use in connection with
steam turbines. = . o _
. One object of my inventior is’to eliminate

‘the second objection to the use of ¢ homopo-
Jar’”’

machines by providing an arrangement
of conductors and collector rings which shall
eliminate the armature reaction and thereby
secure excellent regulation. o

75
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Another object of my invention consists in

providing a simple arrangement for com-

pounding multipolar machines, which' shall

permit the degree of compounding to bé va-
ried readily. e
- A further object of my invention consists

in arranging the conductors so that they may

be connected in different combinations o pro-
vide different voltages without producing an
unbalancing of the current flow in the arma-
ture, which would interfere with the proper
regulation of the machine. =~ =~
Further objects of my invention will ap-
pear from the following specification and tlll)e
accompanying drawings in which =~
Figure 1 shows a perspective view of a ma-
chine constructed in accordance. with my in-
vention, a portion of the field structure being
broken away; Figs. 2, 3, 4, 5 and 6 show va-
rious forms of magnetic cigeuit adapted to
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various types of machines; Fig. 7 is an ex-
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eliminating reaction by the current in the ar-
msature conductors; Fig. 8 is a diagrammatic

development . of conductors and collector

rings arranged in such manner that all the
conduetors are of equal length and a mini-
mum voltage exists between adjacent collec-
tor rings; Figs. 9,10, 11, 12 and 13 show va-
rious arrangements for securing the arma-

"ture conductors to the periphery of the ar-

mature; igs. 14 and 15 show a method of
securing the ends of the conduétors to the
ends of the armature; Fig. 16 shows an ar-
rangement of collector rings and studs; Figs.
17,18 and 19 are explanatory diagrams show-
g the theory of the arrangement of arma-
ture conductors, collector rings and brushes
to eliminate reaction of the current in the
rings; Fig. 20 shows diagrammatically an ar-
rangement of collector-ring connections de-
signed to prevent reaction of the current in
the collector rings upon the field; Figs. 21,
22 and 23 show modifications of the same;

Fig. 24 shows diagrammatically a machine

connected for supplying a thrée-wire system;
Hig. 25 shows diagrammatically an armature
winding for.a rotary direct-current trans-

former; Kig. 26 shows an arrangement of ar--

mature conductors which permaits the use, of
a large number of conductors; Fig. 27 shows

- diagrammatically an arrangement for com-
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- produced between the ends of the conductors,

pounding; and Fig. 28 shows different forms
of conductors adapted for use in “homopo-
lar”’ machines. - - | -
Referring first to Fig. 1, A represents an
armature .of magnetic material journaled in
bearings b’ and carrying on its periphery the
flat conducting. strips @, B represents the

field structure energized by two field coils F

F'; ¢ ¢ represent collector rings carried by the
armature A, and each collector ring connect-
ed to an-armature conductor a; b b represent
brushes supported from the field structure
and bearing on the collector rings ¢; a’ repre-
sents a return conductor connecting the

brushes. 4 -b.. - 'With this arrangement 1t will

be seen that the two field coils F F if prop-
erly connected produce a magnetization of
the field structure which may be considered
as passing down through the central portion

‘of the field structure through the armature

conductors ¢ @ outwardly in both directions
toward the end of the armature A and back
to the ends of the field structure B. As the

armature conductors rotate in this field it is {

evident that a difference of potential will be

~ which will be led off by the brushes b b bear-

bo

65

ing on the collector rings ¢ ¢, and that by
properly connecting the brushes b b any or
placed in series.- - .. - -

Referring 'now to Fig. 7, the method of
preventing armature reaction will be ex-
plained. 'In this figure A represents dia-

all of the armature conductors @ ¢ may be

- these conductors.

| @ and 1T t

854,766

“planatory -.d‘iag.mm showing the method of | grammatically the armature, and B the field.

structure, the arrows showing the direction
of the flux. The flux, due to the field mag-
netization, 1s supposed to be passing out-
wardly Trom the armature to the field, as in-
dicated by the outer circle of arrows. Now

~consider a single armature conductor of the

usual circular form and supported at some
distance from its adjacent conductors. This

1s shown in the left-hand half of armature A

If the current is flowing through one of these
conductors, a circular field will be set up

‘around the conductor as indicated by the

circular dotted arrows. This circular flux
would 1n the first place produce a distortion
of the field flux, so that it would no longer
pass radially outward, as shown by the outer
circle of arrows, but would be inclined at an
angle to a radius. This would produce a
longer path for the flux, which means a
greater number of lines through the same
area and consequently a greater density, as

75
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will be well understood, and this increased

length of path and greater density would re-
sult 1n a decrease of the total flux and conse-
quently a drop in the induced voltage. This
armature reaction would wvary with the
amount of current flowing 1n the machine,
and at full load would produce an excessive
drop 1n voltage. This is one of the fac-

tors which has heretofore rendered the regu-

lation of “homopolar’”” machines unsatisfae-
tory for general use. Furthermore, the dis-

tortion of the field flux is not uniform around

the surface of the armature, for in some

places the armature flux assists and in other

places opposes the field flux. This not only
produces an uneven flux density, which on
account of saturation further weakens the
total flux, but also produces a constant va-

riation of flux at the inner periphery of the
field as the armature revolves, which results

In eddy current. losses and decreased effi-
clency.
ened out and brought close together so as to

form a practically continuous sheet of cur-

rent-carrying material, as shown in the
lower right-hand view of armature A, the
flux passing between the conductors will be
eliminated since adjacent conductors tend to
produce opposing fluxes in the space between
them and consequently neutralize each other,
but all of the conductors will combine to pro-
duce a flux concentric to the axis of the ma-
chine, as shown by the circular arrow opposite
Thus, although the local
disturbance and resulting eddy currents are
avoided by this arrangement, the distortion of
the field flux stillremains and the regulation of
the machine would be effected. And now re-

ferring to the upperright-hand quarter of Fig.

7, 1f the conductors a’ be placed at or near
the inner periphery of the field structure B
directly opposite to the armature conduciors

Iixe conductors @’ are so connected

Now 1t the conductors are broad-
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- surface of the
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that the current through them is in the Oppo- | Ing armature may be

site direction to that in the armature conduc-
tors, the field of each armature conductor
will be neutralized by an equal and opposite
field of one of the conductors a’. This is in.
dicated by the two concentric arrows, the
heads of which point in the opposite direc-
tion. With this arrangement, the cross-
magnetization of the armature conductors i«
wholly eliminated. This is the arrangement
which is shown in Fig. 1. The conductor ¢ :
which is supported at or near the inner pe-
riphery of the field structure and directly op-
posite one of the armature conductors a, acts
as a return conductor for the current in one
of the armature conductors, and conse-
quently produces a field equal and o posite
to that of an armature conductor, thereby
completely neutralizing all tendency to cross-
magnetization by the armature conductor.
Referring now to Fig. 2, I have shown
somewhat diagrammatically & modified form
of magnetic circuit. The armature A COn-
sists of & comparatively thin drum mounted
on the shaft S and carrying on its surface the
armature conductors and collector rings in
the usual manner.  In this arrangement the
flux passes directly through the armature in
a 1'&(]li31.l direction. This arrangement pro-
duces a lighter revolving member than that
of I"ig. 1 and consequently a decreased core
' not possess as great mechan-
1cal strength.  Tig. 3 shows another form in
which the armature A is formed as g radial
disk attached to the shaft S. The conduc-
tors as shown in the figure are carried on the
armature, conductors being
shown on both sides of the armature.
referred, however, a single conductor may
e used, extending through the central pOT-
tion of the disk, or the disk itself may be used
as a conductor, in which case it may be di-
vided into segments or into parallel disks if
desired.  Fig. 4 shows an arrangement for g
vertical machine. The magnetic circuit is
similar to that of Fig. 1, except that I have
shown it divided at
any desired width so as to form two inde-
pendent magnetic circuits in order to pre-
serve independence of the fluxes due to the
two sets ()iP_ field coils and the flux leaves the
ends of the armature axially instead of ra-
dially. T have also shown two field coils F
I for each half of the magnetic circuit, in-
stead of one, asin Fig. 1. In all the arrange-
ments shown, the field structure may be di-
vided in the middle, as shown in Fig. 4, if de-
sired, and the number of field cojls may be
varied. S - |
In Fig. 4 T have shown the air gaps at the
ends of the armature of different lengths and
of different cross-sections.
gap 1s made shorter and of higher magnetic
density than the lower air gap. By this ar-
rangement, part of the weight of the revoly-

b

It

the center by a space of

The upper air

L

the usua)

Fig, 1.

S

taken from the bear-
ings. In this figure also I have shown 2
method for laminating a drum armature.
The armature conductors which would be
placed the same as in Fig. 1 are removed in
order to show the armature body more
clearly.  The face of the armature opposite
to the central portion of the field is slotted as
shown, thereby preventing losses of energy
in eddy currents. The slots are referably
of different depths as shown in oré)er to pre-
vent eddy currents
creasing the

elliciency of the magnetic. cir-
cuit.

The armature is built up of a plurality

of concentric steel rings which act as lamins.

tions to prevent eddy currents due to the flux
entering the ends of the armature.

effectively without de-

75
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In Fig. 1, in which the flux both enters and

leaves the armature at the periphery, the

form of lamination consisting of slots shown

at the genter of the armature of Fig. 4 would
be utilized both at the center and at the ends.
The slots are not shown in Fig. 1 which is not
intended to show

Fig. 5 shows a modification of Fie. 4, only
two tield coils being shown and the%ower air
gap being made vertical instead of horizon.
tal. This furnishes another arrangement
adapted for relieving the bearing of the

‘weight of the armature.

ig. 6 shows a modified form of field struc-
ture in which a plurality of small field coils
are employed in place of the large field coils
encircling the armature, which have been
shown in the foregoing figures. A plurality

of closely spaced inwardly projecting cores f

coil I¥, as in
dynamo-electrie
similarly wound
being independent
joined by a heavy

are shown, each carrying s field
direct-current:

machine, but the coils are gl
and instead of the poles
at their faces, they are
magnetic ring f” _
greater than the distance between the cores,
which serves to produce a uniform ‘“homo-
polar” field at the inner periphery of the field
structure with a flux distribution the same as
that at the central air gap of Fig. 1. The
rest of the magnetic circuit is the. same gas
Since ‘‘homopolar’”’ machines must
be driven at a very high speed in order to
obtainacommercigl voltage with areasonable

number of collector rings, 1t is essential that
made for securing the

cored’’ in order to avoid eddy currents at the
inner periphery of the field it ig necessary to
guard. against both centrifugal strain ‘and
tendency of the flat conductors to slip on the
arinature surface. Tig. 9 shows a method of

securing the armature conductors against
both forces,

Ihe conductors may be formed
with a flat lower surface and g rounded upper
surface conforming to the curve of the AT -
ture periphery as shown. The conductors a,

the details of construction.

of a thickness equal to or
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A

a may be placed in br oad shallow slots and "_

held 1n place by a steel ring or drum o’ shrunk
on over the conductors.
Fig. 10 shows another arrangement for se-

curing the armature conductors to the pe-
I‘lph@lV In this arrangement the binding

ring a? is provided with lugs a?, which sepa-
rate the armature conductors, and some or

~all of which enter the surface of the armature

I0

as shown.
In Kig. 11 both armature periphery and

| bmdmcr ring a® are orowded with slots 1n
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which are plsced spacing blocks a*, prevent-
ing the rotation of the armature conductors
relative to the armature. |

In Fig. 12 the lugs a® are shown on the sur-
face of the ermstme some or all of them en-
tering the binding ring a”.

In Flcr 13 a serew a® 1s employed to pre-
vent the. movement of the conductorsrelative
to the armature, while the. binding ring a’
serves to hold the conductors against cen-
trifugal strain, as in the other arrangements.
A thin sheet o’ of high tensile and compres-
sive strength, prefersbly metal, may be
placed dlrectly over the conductors to protect
the insulation from injury by the shrinking
ring a®. Instead of or i addition to the
sbove arrangements for preventing the lat-
eral slipping of the armature conductors, the
arrangement shown 1n Kigs. 14 and 15 may
be employed As shown in these figures, the
armature conductors a are bent over the
ends of the armature, and the lugs @, cast or
bolted to the armature hody, prevent the cir-

-cumterential movement of the oonduotors

relative to the armature.
~ Since ‘‘homopolar’”’ machines must oper-
ate at a high spéed in order to obtain the

necessary voltage, it is essential that the re--

volving parts should be mechanically bal-
anced. IKig. 16 shows a method of oonneot—

ing the ermeture conductors to the collector:

rings by means of connecting studs which are
all of the same length. In Fig. 16 the stud d
1s shown bolted to the armature conductor a
and passing through all of the collector rings
¢, which are shown as four in number. A_l—-

-though the stud d passes through all the col-

lector rings, 1t 1s insulated from all but, one,
while 1t 1s screwed into that one, mskmo*
electrical contact therewith. Thus all the

~ studs for all the armature conductors may be

~ 55

made the same length, while each armature

conductor 1s conneeted to its proper ring.

Of course 1f 1t 1s desired to place a number of
rings in parallel, each stud may be screwed

“into the proper number of rings and insu-

Yo
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lated from the rest. Fig. 16 also shows a
method of supportmg the collector rings.
The rings ¢’ are mounted on the armature
body A 1n such a manner that they are free
to move axially along the armature. Their
upper surtfaces are tapered and between each
palr of rings ¢’ 1s supported one of the col-

‘nection 3 out of brush 1.

854,756

lector rings c, the inner surface of which is
also tapered. ¢* is a nut which screws onto

the end of the armature body A, and as1t 1s

tightened presses the rings ¢’ together

collector rings ¢ are thus compressed between
and pressed “outward by the rings ¢/, and are

thus supported r1g1dlv and soourstely cen-
tered thereby, although msulated therefrom.

I have slresdy described the manner of
eliminating cross-magnetization by the ar-
mature conductors. The conductors them-
selves, however, are not the only source of
field distortion m ‘“homopolar” machines.
The currents m the collector rings have an

1mportant effect and produce serious distor-

tion, unless properly compensated for.

The

TS,

30

Referrmﬂ‘ to Fig. 17, 1f 1 represents a brush -

bearing on “the collector ring 2, and 1f 3 rep-
resents the point of connection of an arma-
ture conductor to the collector ring 2, 1t will
be seen that when the collector ring is in the

position shown Ielatwe to the brush 1, the

collector ring carries no current, but the cur-
rent passes d1reetly from the pomt of con-
When, however,
the ring 1s displaced by any amount from the
pos1tlon shown in Fig. 17, as for instance, by
an angle of 45 deﬂrees as shown 1n Fig. 18,

1t Wlll be seen thet ouuont 1S NOW ﬂowmﬂ‘-

through the entire oolleotor ring from the
point "3 to the brush 1. The ourrent on
reaching point 3 divides, the larger part pess-—

ing directly to brush 1, and the smaller por-

tion passing around neerly the whole circum-
ference of collector ring 2, the proportlon of
current 1n the two parts bemg determined by
the relative resistance 1n the two parts.
When' the ring has rotated another 45 de-
erees, as shown in Kig.
flowing through all the ring, but the distri-
bution of the current 1s altered. Krom an

‘inspection of Fig. 11t 1sevident that current

flowing 1n a oolleotor ring acts to magnetize

the magnetic circult in the same way as cur-

rent in a turn of the field coils F ¥, since the
collector rings are parallel to the turns of
these coils. Moreover, as is evident from the
diagrams, Figs. 17 to 19 the distribution of
current in. each oolleotor ring 18 constantly
varying. Hence it is plain that unless prop-
erly compensated for, the current in the col-

lector rings will produoe serious disturbances

in the magnetic circuit, and that these disturb-
ances will be of a ﬂuotuetmo' nature.

‘conslder a second ring 5, as shown in KFig. 17,

with a brush 4 bearing t‘lereon the point of
connection of the armature conductor being
represented by 6. Let the brush 4 be dis-

placed by an engle such as 90 degrees, from

brush 1, and in a olookwme direction, and let
the pomt cf connection 6 be dlsplaced from
the poitit of connection 3 by an equal amount
in the opposite direction; now if the current
in both rings be oons1dered 1t will be seen
thet the conditions are as fellows in Fig. 17,

19, current 1s still.

go
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“tortion of the

‘but in the opposite direction ,
the points of connection of the armature con-

854,756

ring 2 has no magnetizing or demagnetizing
effect, as the current is passing from point 3
to brush 1. Ring 5, however, is traversed by
current, but each half of the rIing carries one-
half the current and it is in the opposite di-
rection to the current in the other half Con-
sequently, neglecting for a moment local (|js-
flux due to the current in each
half ring, it is evident that the resultant flux
of the ring can exert neither a magnetizing
nor a demagnetizing action. Now if both
rings have rotated 90 degrees, as shown in
Y1g. 19, it will be seen that the current flow-
ing through the shorter path from point 3 to
brush 1 will be of the same amount and in op-
posite direction to the current tlowihg in the
shorter path from point 6 to brush 4, and

consequently each current will neutralize the |

magnetizing effect of the other. The same
18 true of the current in the longer paths, so
that in this position of the rings & complete
mutual neutralization is secured. By ealcu-
lating the currents in Kig. 18, it will be seen
that, neglecting local distortions, the re-
sultant magnetization will be zero. 1In
other words, if one brush is displaced from
the other by an amount equal and opposite
to the displacement of one point of connec-
tion from the other, a complete neutraliza-
tion of the currents will be obtained in cer-
tain positions of the rings: and neglecting
local distortions, the resultant fluxes will at
all times balance. With only two rings it is
to produce a complete neutraliza-
positions of the rings. In all but
one position there will be local distortions.
As the number of rings is increased, how-
ever, a close approach to complete neutraliza-
tlon may be obtained by following out the
theory explained in the diaerams. Thus, 1n
Iig. 20, 1 have shown
twelve collector rings ¢ ¢ with the points of
connection of the armature conductors there-

tion for all

to'indicated by small circles, as in the above

diagrams, and it will be seen that the points
of connection are progressively displaced by
an angle equal to one-twelfth of the eircum-
ference. The brushes are displaced similarly,
the brushes and

ductors each forming a complete %[iml
curve, as.indicated by dotted lines. ith

this arrangement a practically complete neu-

tralization of the magnetizing effect of the
collector ring currents is obtained, as may be
proved by calculating the current distribu-
tion. Instead of two stmple spirals, as
shown in Fig. 20, other arra,n%ements of the
Sﬁimls may be employed, while maintaining
the same neutralization effect. Thusin Fig.

21 the armature connections form the same

- brushes is altered by

05

spiral as in Fig. 20, while the spiral of the
dispiacing each brush

Irom the adjacent brushes by 90 degrees in-

stead of 30. This makes a spiral -of three |

T

iagrammatically !

1cally a deve

O

turns instead of one, and has the advantage

that the brushes may be grouped instead of
being distributed around the entire cireum
ference of the machine, thereby making it easy
to mspect and replace the brushes by means
of properly located holes in the frame of the
machine. |

ment of the brush spirals, a double spiral be-
ing formed in place of a single spiral, the
rings of an even number being employed for
one spiral-and the rings of an odd number be-
ing employed for the other spiral. The
brushes in each spiral are displaced from each
other by 90 degrees, as in ﬁg. 21, and two

complete spirals of g turn-and-a-half each

are thus formed. - _

In Fig. 23 a further modification is shown,
both brushes and armature connections be.
ing disposed in double spirals. Thus, nu-
merous variations may be made with sEiraI
arrangements, and after a spiral has been
properly laid out, the rings may be trans-
posed as much as desired without losing the
advantages which the. spiral arrangement
gives of compensating for reaction in the col-
lector rings. Of course when the rings are
transposed the
nection and of the brushes may no longer lie
on an actual spiral curve, but as long as they
are. deduced from-the original spiral, the
proper compensation will be obtained. Thus
for instance the arrangement ‘
duced from that of Kig. 22 by transportation
of the rings, in this case the actual spiral ar-
rangement being maintained.

1t is sometimes advantageous to be able

to connect a machine for different voltages.
This can be accomplished readily with a
‘““homopolar” machine by placing different
numbers of the conductors in series and in
parallel. If it is desired to connect the con-
ductors in parallel, however, it is very impor-
tant that the resistance of the parallel cir-
cuits should be equal.
ing large, the resistance
variation in resistance
serious unbalancing of the current flow in
the parallel circuit. In order to secure the
equality of resistance in parallel circuits
formed of the armature conductors connected
In any desired manner, I so arrange the ar-
mature conductors and their connections
that

and consequently of the same resistance.
Thus, in Fig. 8, which shows diagrammat-
giopment of an

and collector rings, the dotted lines g repre-
sent the armature conductors each con-
nected at both ends to collector rings ¢ c.
It will'be seen that the armature conducto
which is connected to the outside TINg ¢ a
one end -of the machine is connected to the
inside ring at the other end, and that the
other armature conductors are similarly
symmetrically connected. Consequently the

18 low and a small
would produce a very

positions of the points of con-

Fig. 22 shows another arrange-
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of Kig. 23 1s de- .

I0Q

10§

The conductors be-
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all the conductors are of the same length, .
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armature conductors are all of the same length
“and resistance. S

‘Kig. 16 shows one mechanical construction

of the armature studs, as has been described.
‘'Thus, 1f the stud at one end of armature con-
.ductor a is screwed 1mto the next to the m-

side ring ¢, as shown in Xig. 16, the stud at
the other end of the conductor would be

screwed into the next to the outside ring.
In this manner not only are the conductors

and studs of the same length mechanically
and tonsequently mechanically balanced, but
they are also of the same length electrically,
and consequently electrically balanced.
Referring again to Fig. 8, the full lines o’
represent the return conductors supported
on the field structure, as shown in Fig. 1.
These return conductors are also in this ar-
rangement so arranged that they are all of
the same length and consequently of the
same resistance. Furthermore, 1t will be
seen by tracing out the circuits, that the col-
lector rings are so connected that a minimum
difference of potential exists between adja-
cent rings, the maximum potential existing
between the outside and inside rings. The
brushes are grouped in four groups of three

brushes each, as shown in Figs. 21, 22 and

23, the spiral arrangement of Fig. 21-being
used. In Fig. 8, I have shown the field coils

'F F as shunt coils connected across a portion
-of the armature conductors.

It wall be un-
derstood, however, that the field coils may
be shunt, series, or compound-wound as
desired. - _ :

A simple method of compounding 1s shown

in Fig. 27. In this figure, the return con-

ductors ¢’ are shown connected to the brushes
b by the flexible connections e. The brushes
are displaced circumferentially by any de-
sired angle from the ends of the return con-

ductors to which they are connected. As

shown in the figure, the brushes are displaced
by an angle approximately equal to the angle
between. adjacent return conductors. It

will be seen that the flexible leads e ¢ each |

form a fraction of a turn surrounding the

“armature and all the leads taken together

55

are the equivalent of a single field turn car-
rying & current equal to the armature cur-
rent and varying therewith. In other words,
these leads produce a circumferential com-
ponent.of current flow in the drmature cir-
cuit. Consequently they act as a compound
winding, the effect of which may be wvaried

by shifting the brushes to a position of greater

or less displacement by moving the brush-

~ holder ring b~

.{50.

_ ‘A simple method of com-
pounding is thus provided, which permaits
the degree of compounding to be varied at

will. - Obviously, compounding may.be simi-

larly obtained by displacing the point of con-

nection of the armature conductors to the
col}ecter rings from the armature conductors.
65 This arrangement, however, does not permit | down transtormer.

of ‘the ready adjustment of the degree of
compounding that is obtainable where dis-
placed connections are used with the sta-
tionary return conductors. o

Fig. 28 shows different forms of conduc-
tors, each one made of a plurality of strips
connected in parallel. Where a single wide
conductor is used a slight difference 1n the
air gap and a consequent uneven distribu-
tion of flux threading the conductor would
produce potential difference in the conductor
which would result in wasteful eddy currents.

‘'This may be avoided by ‘“laminating’ the
1 conductors, as shown, the strips of which the
conductor is composed being properly trans-

posed so as to equalize the potentials gener-
ated in the several strips. Other methods ot
transportation than those shown may. be
employed. Collector rings may also be
laminated, 1f desired, in order to prevent
eddy currents, but with collector rings of
usual size, lamination 1s unnecessary.

It is not necessary that the conductors
should be placed in a single layer on the
periphery of the armature. T¥ig. 26 shows
twoli)a,ye.rs of conductors placed on the arma-
ture A and held in position by tie binding
ring or cylinder a®. - |

Not only is 1t possible to vary the connec-

tions of & “homopolar’” machine arranged
In accordance wit

my invention, so. as to
obtain different potentials from the machine
at different times, but.it is also possible to

obtain any desired number of potentials at

the same time from a single machine. Thus,
Fig. 24 shows diagrammatically a ‘‘homo-
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polar” machine connected for supplying a
three-wire system. ' The field structure 1s

omitted and the return conductors are shown
symmetrically connected to the brushes, and
consequently of equal length. The neutral
wire of the three-wire-system is connected

to the central return conductor.

In addition to serving as a generator for

different voltages, a “homopolar’’ machine.

arranged in accordance with my mvention
may be used as a motor or as a transformer
of direct- current voltages. The arrange-
ment of windings for operation as a trans-
former is shown diagrammatically in Ig. 25.
The low potential winding may form a part ol
the high potential winding, or may be sepa-

105
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115

rate therefrom and on the same or diilerent

parts of the machine, or both arranged to be
used in a single machine. Thus, 1n Fig. 25
a high potential winding is shown connected
to the mains 10 11.- Leads 12, 13, 14 and

15 are tapped off from the winding, and any
‘pair of these leads may be used for obtaining

the voltage desired. - Furthermore, an ad-
ditional winding 16 may be applied to the
armature independently of the high poten-
tial winding. It is obvious that the ma-
chine may be used as either a step-up or step-
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invention embodies 'a number of features
which, while I prefer to use them together,
may to advantage be use( independently; or
with one or more of the features heretofore
described omitted, and which I desire to
claim whether used together or not. More-
over, 1 do not desire to limit myself to the

~particular construction and arrangement of

parts here shown,

vn, since changes which do
not depart from

the spirit of my Invention,
and which are within the scope of the ap-
pended claims, will be obvious to those
skilled in the art. | .

What I claim as new and desire to secure
by Letters Patent of the United States is,

1. In a dynamo-electric machine, a ‘“‘ho-
mopolar” field structure, a revolving arma-
ture, a set of broad conductors carried by
sald armature and closely spaced so as to
form a practically continuous sheet of cur-
material encircling the arma-
ture, and a similar set of conductors carried
at or near the inner periphery of said field
structure and severally connected in series
armature conductors.

2. In a dynamo-electric machine, a ‘‘ho-
mopolar” field structure, a revolving arma-
_ conductors con-
nected to collector rings, and similar return-
conductors carried by the field structure,
both sets of conductors being closely spaced
S0 as to form two opposing substantially
continuous sheets of current-carrying ma-
terial and each return conductor being con-
nected in series with its corresponding arma-

ture conductor,

3. In a dynamo-electric machine, a “ho-
mopolar” field structure, a revolving arma-
ture composed of a plurality of superimposed
concentric rings of magnetic. material, and a
plurality of conductors carried at or near the
periphery of said armature.

4. In a dynamo-electric machine, a ‘‘ho-
mopolar” f _
armature composed of a plurality of concen-
tric rings of magnetic material, said arma-
ture being slotted perpendicularly to the
ax1s. -

9. In-a dynamo-clectric machine, a ‘“ho-
mopolar” field structure, and a revolving
armature slotted perpendicularly to the axis,
the slots being of varying depth.

6. In a dynamo-electric machine, a revolv-
ing armature body, a plurality of collector
rings, and rings movable on said armature
body and supporting said collector rings.

7. Ina dynamo—eTectric machine, a revolv-
ing armature body,
rings, rings movable on said armature body
and supporting said collector rings, and
means tor moving said supporting rings to
vary the tension of said collector rings.

—_—

8. Ina dynamo-electric machine , & revolv-

ing armature body, rings movable axlally on

leld structure, and a revolving

a plurality of collector

| brushes

4

sald body and having tapered outer surfaces,
collector rings having tapered inner surfaces
and each one supported between pair of the
first-named rings, and means for moving the
first-named rings axially to vary the outward
pressure on said collector rings. '

9. In a dynamo-electric machine, a ‘“ho-
mopolar” field structure, a revolving arma-
ture carrying a plurality of conductors con-
nected to collector rings, brushes bearing on
sa1d rings, and stationary return conductors
connecting sald brushes, said brushes arranged
relatively to the points of connection of the
armature conductors to the several collector
rings to produce current distributions in the
several rings mutually neutralizing their
magnetizing effects.

10. In a dynamo-electric machine, a ‘“ho-
mopolar” field structure, a revolving arma-
ture carrying a plurality of conductors con-
nected to collecter rings, brushes bearing on
sald rings, and stationary return conductors
connecting sald brushes, said brushes being
arranged 1n groups and arranged relatively
to the points of connection of the armature
conductors to the several collector rings to
produce current distributions in the several
rings mutually neutralizing their magnetiz-
ing effects. o |

1. In a dynamo-electric machine, a re-
volving armature carrying a plurality of
armature conductors connected to collector
rings, the points of connection forming one
or more spirals, and brushes bearing on said
rings, the points of contact forming one or
Imore opposite spirals. _ _

12. In a dynamo-electric machine, a re-
volving armature carrying a plurality of
armature. conductors connected to collector

Tings, the points of connection forming one

or more spirals, and brushes bearing on said
collector rings, said brushes being in groups
and the points of contact forming one or
more spirals opposite in direction to the first-
named spirals. | 4.

13. In a dynamo-electric machine, a
“homopolar” field structure, a revolving
arimature, a plurality of conductors carried
thereby, a plurality of collector rings carried
by the armature, a set of connections con-

necting said conductors to said rings, brushes

bearing on said rings, stationary conductors
carried by the field structure, and a second
set of connections connecting said brushes
to said stationary conductors , the connections
of one or both sets extending a fraction of a
eircumference in the same (ﬁrection around

the armature whereby the current in said

connections produces ‘a portion of the mag-
netization of the machine. *
14. In a dynamo-electric machine, a
““homopolar’” field structure, a field winding,
a revolving armature carrying a plurality
of conductors connected to collector rings,

bearing on said rings, stationary
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conductors carried by the field structure,
connections between said brushes and said
stationary conductors, each of said connec-
tions extending a fraction of a circumfer-
ence around the armature whereby a com-
pounding magnetization 1is produced, and
means for shifting the brushes to vary said
fraction. o R .
15. In a dynamo-electric machine, a
‘‘homopolar’*field, a field winding, a revolv-
ing armature carrying a plurality of con-
ductors connected to collector rings, station-
ary conductors carried bysaid field structure,
and brushes bearing on said rings and con-
nected to said stationary conductors, the
brushes being displaced circumferentially
in the same direction: from the conductors
to which they are connected.
16. In a dynamo-electric machine, a

‘“homopolar’ field, a field winding, a revolv-
ing armature ecarrying a plurality of con-
ductors connected to collector rings, station-

ary conductors carried by said field struc-
ture, brushes bearing on said rings and con-

nected to said stationary conductors, each'

brush being displaced circumferentially from

the conductor to which it is connected, and

means for varying. the amount of said dis-
placement. o o E |
17. In a dynamo-eléctric machine, a re-

volving armature, a plurality of broad flat

conductors carried thereby, the ends of each

of said conductors being bent over the ends

of the armature, and axially projecting lugs
on the ends of the armature extending be-

tween the ends of said conductors and adapt- |

ed to prevent circumferential movement
of said conductors relative to said armature.

18. In a  dynamo-electric machine, a re-
volving armature, binding means encirching

- said conductors-and adapted to restrain said

45

conductors against centrifugal force, and a

thin-sheet, of high tensile and compressive

strength inserted between sald conductors
and said binding means and.adapted to pro-

‘tect the insulation of said conductors from
- injury by said binding rings. - -

19, In & dynamo-electric machine, a

“‘homopolar”’ field structure, a revolving

armature body carrying two sets of collector
rings, and -a plurality of armature conduc-
tors disposed between_ said sets, each con-
ductor having extensions at both ends ex-

- tending through said sets so that all of said

4

.. Witnesses:
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conductors are of the same length mechan-

35

ically, and each conductor being symmetric-

all of said conductors are of the same length
electrically.

90. In "a dynamo-electric machine, a

““homopolar’’ field structure, a revolving
armature body carrying two sets of collec-.
“tor rings, a plurality of armature conductors
disposed between said sets, each conductor

having extensions at both ends extending
through said sets so that all of said conduc-
tors are of the same length, mechanically
and each conductor being symmetrically con-
nected electrically to said sets so’ that all

' of said conductors are of the same length

electrically, brushes bearing on said sets,
and stationary conductors carried by the
field structure connecting brushes ol oppo-

ally connected electrically to said sets so that -

60

site sets, sald stationary conductors being

symmetrically connected to said brushes so
that all of said stationary conductors are oi

i the same length electrically.

21. In - a dynamo-electric machine, a

‘““homopolar’’ field structure, a field winding,

an armature, and an armature circuit com-

75

30 'L

prising conductors carried by the armature,

collecting means, and connections between

said collecting means for connecting the ar-
mature conductorsin series,a portion of the
conductors of the armature circuit having a

seneral circumferentiai direction, whereby
the current 1n the armature circuit assists

the field current in producing the magneti
zation of ‘the machine. - -

- 22. In' a dynamo-electric machine, a
‘““homopolar’ field structure, a field winding,

an armature, and an-armature circuit com-

prising conductors carried by the armature,
collecting -means, and connections between
said collecting means for connecting the
armature conductors in series, the conductors
of the armature circuit being arranged to pro-
duce a circumferential component of current

flow- in the armature circuit, whereby the

current in the armature circuit assists the

field current in producing the magnetization

of the machine.

In witness whereof I have hereunto set
my hand this 29th day of March, 1904.
| JACOB E. NOEGGERATH.

Benjavin B. Howr,
HeLEx ORFORD.
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