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Specification of Letters Patent.

Patented Mar. 22, 1910.

Application filed Decsmber 22, 1902. ‘Serial No. 186,171,

To all whom it may concern:

Be it known that I, Wixper Erwern
Gorbsporoucr, a citizen of the United
States, residing at La Fayette, in the county
of Tippecanoe and State of Indiana, have
invented certain new and useful Improve-
ments in  Inductance-Neutralizing = Coil-
Wound Cores and Commutating Impe-
dance-Coils for Electric Machines; and I do
hereby declare the following to be a full,
clear, and exact description of the inven-
tion, such as will enable others skilled in the
art to which it appertains to make and use
the same. .

The purpose of the invention is to facili-
tate the act of commutation.

The invention consists in a novel construe-
tion and combination of coil-wound cores
with the armature of an electric machine
whereby the impedance of the circuit formed
through an armature coil during the time
of commutation is increased without in-
creasing the inductance of the circuits be-
tween brushes through the armature wind-
ings, and in reduecing the inductance of the
active portion of an armature coil while it
is short-cirenited during the period of com-
mutation.

As a means of carrying out my invention
I propose to provide short circuited elements
in inductive relation to the armature coils
and the commutation leads. In one form
of my invention there is a single set of these
short circuited clements in inductive rela-
tion to both the armature coils and the com-
mutation leads. In another form of my in-
vention there are two distinct sets of short
circuited elements, one in inductive rela-
tion to the armature coils and the other in
mductive relation to the commutation leads.

In the accompanying drawings forming
a part of this specification, and in which
lilce letters of reference indicate correspond-
ing parts, I have illustrated several ways
of carrying my invention into effect, it being
understood that the forms of apparatus
herein shown may be departed from and
still be within the scope of my invention,
and, in these drawings, Figure 1 is a view
exhibiting diagrammatically a portion of
an electric machine supplied with one of my
inductance neutralizing coil-wound cores;
Fig. 2 is a diagrammatic view of an electric
machine having my commutating impedance
coils inserted in the commutator leads of

the armature coils, and having superposed
over these commutating impedance coils at
the points of commutation, my inductance
neutralizing coil-wound cores; Fig. 3 is a
view exhibiting diagrammatically in side
elevation the arrangement of my commutat-
ing impedance coils with reference to my in-
ductance neutralizing coil - wound cores
placed over the said commutating impe-
dance coils at the points of commutation ;
Fig 32 is a view exhibiting diagrammatically
in plan the arrangements shown in Fig. 3,
the core of the inductance neutralizing coil-
wound core being indicated in dotted lines,
Fig. 4 shows diagrammatically another ar-
rangement of commutating impedance coils
with the superposed inductance neutralizing
coil-wound cores; Fig. 4 is a view exhibit.
ing diagrammatically in horizontal section
the same arrangements as are shown in Irig.
4. Tig. 5 shows a diagrammatic view of an
electric commutating machine, in which all
of the commutating impedance coils con-
nected in the commutating leads of the
armature coils are wound over a common
core, and in which, at the points of com-
mutation, my inductance neutralizing coil-
wound cores are shown in inductive rela-
tion to the commutating impedance coils;
Fig. 6 shows the method of adjustment of
the inductance neutralizing coil-wound cores
when the commutating impedance coils are
given the shape of formed coils and wound
on a slotted core. In this case, the design
and arrangement of the commutating im-
pedance coils follows the construction com-
mon in the building up of formed coil
armature windings; Fig. 7 shows diagram-
matically an electric commutating machine
in which two inductance neutralizing coil-
wound cores are used at each point of com-
mutation, one of these inductance neutraliz-
ing coil-wound cores being placed over the
armature in inductive relation to the arma-
ture coils between the pole tips in the plane
of commutation, and the other inductance
neutralizing electro-magnet being placed in
inductive relation at the points of commuta-
tion to the commutating impedance coils
shown connected in the commutator leads
of the armature coils, and wound about a
common core; Fig. 8 shows a diagrammatic
view of an armature core, every other slot
of which contains the conductors of the
armature coils, while the intermediate slots
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contain the conductors of my commutating
impedance coils, while above the tecth of

the said armature core over the point of |

connmutation is placed one of my inductance
neufralizing coil-wound cores; Ifig. 9 is a
diagrammatic view of an armature that 14
provided with a double winding. By this
arrangement, each slot contains the conduc-
tors of wn armatare coil as well ag the con-
ductors of one of my commutating impe-
dance coile. Abovethe teeth of the armature
core ad over the point of commutation 1s
shown one of my inductance neutralizing
coil-wound cores; and IFig. 10 is a diagram-
matic view of a combination of parts similar
to those shown in Fig. 8, except that the
inductance neutralizing coil-wound cores
are made a part of the field ring of the
electric machine, as shown.

Referving to the drawings and to Fig. 1
thereof, A* vepresents a coil undergomg
commutation.  The brush I short-cireuits
the coil A2 since it bridges over the com-
mutator bars B, which form the terminals
of the said coil Az Over the coil A is
piaced the core CF wounnd with a shovt-cir-
cuited coil €2 The combination of the cove
(% and the coil C* constitutes one of my im-
pedance neutralizing coil-wound cores €,
and the core CF may, commercially. be so
adjusted as to admit of the air-gap IS be-
tween the core €F and the armature core O
to be made asg large or as small as may be
necessavy.  The presence of the short-cir-
cuited inductance neutralizing coil materi-
ally assists the act of commutation of the
eoil A2 inasmuch as, in relation to the coil
A2 considered as the primary coil of a trans-
former, the coil CF plays the part of a short-
civeuited seeondary coil of the same trans-
former and, accordingly, the inductive re-
action of anyv variable current that may flow
in the eoil A? induces clectric currents in
the coil €% which react. and thereby reduce
the effective inductance of the coil A% The
inductance neutralizing coil-wonnd core C
mayv include one, two, or more armature
coils it a design requives it. In the matter
that follows, armature coils are designated
by the symbols A and A% A% is used to
indicate only those avmature coils that are
undergoing commutation; while A s em-
ploved to designate the armature coils in
general. In like manner the commutating
impedanee coils bear the reference letters B
and 132, B being applied to any oue of these
coils, and B? rveferring only to those coils
that are within the influence of the induct-
ance neutralizing coils, or that are connected
in the commmutator leads of an armature coil
mndergoing commutation.

Referring to Fig. 2, the outer core R,
which is sunnlied with four windings J, con-
stitutes the field-magnet system of the mo-
tor; the inner core O carries the armature

952,899

coils, in the commutator leads of which are
inserted the commutating impedance coils
B. (" designates and shows the position
of my inductance neutralizing coil-wound
cores in a lagging position. relatively to the
divection of rotation of the armature, as
the veutral plane lies midway between the
terminals of the coils on the field ring. The
dotted connection G- between one field ter-
minal and one armature terminal indicates
a series connection between the avrmature
and field cireuits in the machines shown in
this figure.

Tigs. 3, 3%, and 4, 4* show two arrange-
ments of my commutating impedance coils
with reference to my inductance neutraliz-
ing coil-weund corves. (" represents the
core of the inductance mneutralizing coil-
wound core and C'* the short-cireuited wind-
ing which surronnds it. T2 is the clearance
or air-gap space between the core ("% of the
inductance neutralizing coil-wound core and
the core P of the commutating impedance
coils. B® is a coil which surrounds one of
the cores P and one of these is connected in
series with the commutator lead of each
connection between the mymature coils and
the commutator-bavs, as indicated by B in
Fig. 2.

Referring to TFigs. 3, 8%, 4 and 42, it will
Le evident that the velative arrangement of
the commutating impedance coils 13* therein
shown to the inductance neutralizing coil-
wound cores (11, the commutator bars 1and
the brushes It and T2 therein shown, 1s such
that currents delivered from or received by
the armature coils from the brushes so react
maguetically upon the core C' of the iu-
duetance neutralizing coil-wound coves (7
as to induce currents in the coil ("= of the
saidl inductance neutralizing coil - wound
cores (": which carrents, thus induced in
the coils (2, so react upon the commutating
impedance coils B* as to neutralize tn great
measure the inductance of the said commu-
tating impedance coils, thereby giving the
commutator leads but a slight nnpedance to

the passage of the armature currents. The
inductance neuntralizing coil - wound  core

which has position at C* ig removed to show
the commutating impedance coils.  On the
other hand, the relative position assumed by
the commutating impedance coils B, relative
to the inductance neutralizing coil-wound
cores ("t during the period of commutation.
is such that the currents which circulate in
the armature coil, during the time when it iz
short-civeuited by the brush If, react muag-
netically in such manner. during their pas-
sage through the commutating impedance
colls located in the commutator leads of the
said armature coil undergoing commutation,
as to add the inductance of the two conunu-
tating impedance coils, and place these in-
duectances in series relation to the inductance
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of the coil undergoing commutation. By the
arrangement shown, therefore, the induct-
ance neutralizing coil-wound cores C'* are
not effective in diminishing the inductance
of the commutating impedance coils in the
leads of the armature coil undergoing com-
mutation as related to the currents which
permeate the short-circuited armature coil.

The arrangement of parts shown in Figs.
2, 3 and 4 makes it evident that, by my 1n-
vention, commutation of a coil is facilitated
by the automatic introduction into the leads
of the armature coils which are undergoing
commutation, of an inductance so great as
to prevent the development of currents of
any considerable volume in the said coils un-
dergoing commutation.

The reasons why the neutralizing coil-
wound core C* neutralizes the inductance
of the main armature circuit, and not of the
short circuited armature coil, will be made
clear by the following explanation. The
currents that flow from the armature coils
to the commutator to be delivered to the
brushes and returned to the generating cir-
cuit develop magnetic fields 1 the cores P,
which oppose one another, thereby causing
the flox set up by said current to complete
its path through the coil C** of the core (1,
On the other hand, the currents that circulate
m an armature coil, when it is short cir-
cuited by a brush bridging its adjacent com-
mutator bar terminals, so magnetizes the
cores P as to produce magnetic poles in them
that attract one another, and the flux from
these poles finds a return path through the
ends of the core O without the necessity
of passing through the coil (*2. In other
words, the current collected by the brushes
flows in the same direction through the coils
B, while the currents that circulate in a
short circuited armature coil pass through
adjacent sets of the coils B in opposite di-

rections. In the first case, therefore, cur-

rents are induced in the coil (2, whereas, in
the second case, no currents are induced in
the coil G TIn the first case, the coil O
exerts a neutralizing effect upon the induct-
ance of the coils B2, while in the second case,
it does not have this effect. The short-cir-
cuited coils C'* perform their function in
neutralizing the impedance of the impedance
coils when the said impedance coils are per-
meated by cominutated currents, on account
of the fact that the induction set up in the
cores of the impedance coils by commutated
currents permeates through from pole to
pole of the cores of the coils C*, and, there-
by, in passing through these coils, develops
reactive currents in them which neutralize
the inductance of the impedance coils.
When commutating currents are flowing
through the impedance coils, the flux set up
in the cores of the impedance coils by the
commutating currents passes up into the pole

8

'

pieces of the cores ("% but this flux does not
pass through the coves, and, consequently,
Lo reactive currents are set up in the short-
circuited coils C'*. The flux developed in
the cores of the impedance coils by the com-
mutating  currents, accordingly, simply
passes up into the pole pieces or ends of the
cores G, from the pole of the core of one
impedance coil to the pole of the core of the
next impedance coil; thereby the return path
of the flux set up by the commutating cur-
rents 1s greatly facilitated, and, therefore,
the inductance of the impedance coils to
commutating currents is actually increased
above its normal value.

As shown, the inductance neutralizing
coil-wound cores embrace but two of tha
commutating impedance coils. They may,
however, embrace a greater number of these
coils with equal effectiveness. The induct.
ance neutralizing coil-wound cores may be
in advance of or lagging behind the neutral
plane, if conditions so require, instead of
being in direct line with the neatral plane.

In Fig. 5, R indicates the core of the pri-
mary element, J the field coils of said ele-
ment, and N and S the pole pieces. O indi-
cates the armature of the secondary element,
P the impedance coil core of said secondary
element, B the commutator, and F, 2 the
brushes resting on said commutator. Ct:
indicates one of four inductance neutraliz
ing coil-wound cores, which are placed over
the impedance coils B* at the points of com-
mutation and act to neutralize the induct-
ance of the impedance coils B, placed be-
tween the armature coils A and the commur-
tator bars I, to the passage of commutated
currents, without affecting the impedance of
said coils B with reference to the currents
induced in the coils A during the time the
terminals of the said commufator coils are
short-circuited by the brushes F, 2. The
inductance neutralizing coil-wound cores are
represented as being positioned slightly in
advance of mid-position between (he pole
tips, but said electro-magnets may be given
an advance or lag, or be placed immediately
i line with the central points between the
pole tips, and thereby made more effective
In assisting commutation, as the case may re-
quire, ’

In Fig. 6, P indicates the core over which
the impedance coils are wound, C** the core
of the inductance neutralizing coil-wound
core, and C'? the short-circuited winding
thereon. In this construction, formed coilg
placed in longitudinal slots are employed
m positioning the impedance coils in the
commutator leads.

In Figs. 5 and 6, the arrangement of the
commutating impedance coils and the induct.-
ance neutralizing coil-wound cores in such
as to produce the same results with the same
efficiency and effect that are produced by
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the combination and arrangement which has
been shown and discussed 1n Figs. 2, 3, 8%, 1,
and 42, Q designates any suitable sonvce of
power.

In Fig. 7, a combination of parts with the
armature of a commutating electric machine
is shown, in which the combined effect of
the parts that have been described in detail,
nore particularly in connection with Figs.
1 and 2, is made use of to facilitute and pro-
mote the act of commutation. The commu-
tating impedance coils B are wound over
the slotted core I, and connected in between
the junction points of the armature coils A
(which ave wound over the armature cove
0) and the commutator bars I The n-
dustance neutralizing coils C are so placed
and adjusted as to neutralize the inductance
of the armature coils A during commuta-
tion, while the inductance neutralizing coils
' are so placed as to neutralize the induct-
ance of the commutating impedance coils
I3 to the passage of the currents to or from
{he armature coils A and the brushes IF. On
the other hand, the inductance neutralizing
coils ' have no effect whatever in dimin-
ishing the impedance of the commutating
impedance coils B in their function of re-
actance coils conmected in series with the
local civeuit through the commutating coils
, the brushes I¥ and the other clements
linked  therewith, as diagrammatically
showi

By the arrangement of parts shown in
Fig. 7, the counter electromotive force which
would ordinarily be developed in the coil
A% by the current variations taking place
in it during the period of commutation is,
in the present case, largely wiped out by
the presence of the inductance neutralizing
coil C in intimate relation with the said coil
Az, and the effectiveness of such portion of
the said counter electromotive force of selt-
induction that still remains, in setting up
a rush of current avound through itself, the
commutator bars I and the brush I, is
greatly diminished by the automatic intro-
duction of the commutating impedance coils
132 in the cirenit through which the coil A% 1s
short-cireuited by the brushes I,

in Figs 8 and 9, the arrangement of parts
and the combinations there presented provide
for the carrying out of the functions which
have been aceredited to the commutating im-
pedance coils and the induetance neutralizing
coil-wound cores of Ifig. 7 without the neces-
sity of providing an additional core, over
which to wind the commutating impedance
coils, or of bringing into play more than one
inductance neutralizing coil-wound core at
sach point of commutation.  As in the con-
struetion shown in Fig. 7, the commutating
impedance coils B ave wound over the slotted
core I and connect the junction points of the
armature coils to the commutator segments.

A2
. Y

Core T also carries the armature coils A, so
that only one neutralizing magnet C is re-
quired in acting upon the inductance of the
armature coils and impedance commutating
coils at each of the junction points. In Fig.
8, the two sets of coils alternate in the slots
of core P, an armature coil occupying oue
slot and an impedance commutating coil the
next. The winding in Tig. 9 combines,
therefore, two windings of the type shown
in Fig. 8. superposed upon one another in
such manner as to bring the conductors of an
armature coil of one winding in the same slot

with the conductors of a commutating im- -

pedance coil of the other winding, the said
commutating impedance coils connecting in
each case the junction points of the armature
colls of their respective windings to commu-
tator bars in such manner that every other
commutator-bar is connected in with the
same set of armature and impedance colls.
Accordingly, the brushes must be sufliciently
wide to touch upon at least three commutator
bars. Figs. 8 and 9 are inserted chiefly to
show the case with which the system of in-
ductance neutralizing coil-wound cores and
commutating impedance coils herein de-
seribedd can be adjusted to and made an
effective part of various and complex types
of dynamo and motor windings.

As diagrammatically shown in Fig. 9, the
commutating impedance coils 1B so act mag-
netically when they arve permeated with cur-
rents flowing either to or from the armature
coils A and the brushes I' as to set up re-
active currents in the short-circuited coil of
the inductance neutralizing coil-wound core
¢, which reactive currents set up in the coil
C have the effect of neutralizing the induct-
ance of the coils B to the passage of current
to or from the armature coils A and the
Lrush F.  When, on the other hand, we con-
sider the currents which permeate the coil A
during the time when its texminal bars I8 ave
bridged by the brush ¥, we find that the coil
A% is brought into such inductive relation to
the inductance neutralizing coil C as to n-
duce in the said coil ¢ currents which react
magnetically to neutralize the inductance of
the coil Az Again, the presence of the coil
C has no effect upon the inductance of the
coils B, considered as acting in servies with
the coil A2 during the time of its commuta-
tion, all for and on account of reasons that
have been made plain in the foregoing dis-
cussion.  The namber of coils embraced by
the inductance neutralizing coil-wound core
(' varies under different conditions.

Tt must be apparent that, in the figures
herewith presented from 1 te 9, only a small
number of the possible applications of my
invention have been shown. Where desir-
able, the inductance neutralizing electro-

magnets or coils may be wound on extension

of the pole tips, or may be made to bridge,
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the interval between pole tips, or may be in-
corporated with and made to form part of
the field ving when the said ring is given the
form common to induction motors, The lat-
ter construction is diagrammatically shewn
in Fig. 10, which forms a part of this specifi-
cation. It will further be seen that my in-
vention applies to various types of electric
machines, among others of which may be
mentioned direct current generators and mo-
tors of all types, and commutating alternat-
ing current motors. In the employment of
the expression commutating machine” with
reference to my Invention, it is to be under-
stood, therefore, that this term is intended to
include all types of commutating machines,
such as direct-current generators, direct cur-
rent motors, alternating current commutat,
ing-motors, and cther electro-magnetic de-
vices in which it is desirable to arbitrarily
change the direction of flow of a current in-
duced in a coil thereof, when such coil bears
a certain pre-determined relation to the other
and related electro-magnetic parts of said
devices.

My invention may be arranged in com-
bination with all types of magnetic circuits,
whether they be of the internal multi-polar
type common in direct current machinery, or
the continuous field ring multi-polar type
common in alternating currvent induction
motors.

Although not specified in the drawings
herewith submitted, it is to be understood
that the armatures may be placed in series or
parallel or other common form of connection
with their field circuits and with the source
of supply of electric energy, whether it be
a direct current or alternating current source.

As explanatory of the terms “ commutated
currents”  and ¢ commutating currents,”
which will be encountered in the fol-
lowing claims, it may be observed that the
former are those currents that flow to or
from a source of electricity and sets of the
armature coils not undergoing commutation,
while the latter are those currents that cip.
culate locally in an armature coil during the
period of the commutation of said coil.

ITaving thus fully described my invention,
what I claim as new and desire to secure by
Letters-Patent of the United States, is:

1. In an electric machine, the combination
with the field coils and armature coils, of
a commutator, independent iron cores dis-
posed within the influence of the armature
and having short - circuited windings ar-
ranged in inductive relation to the arma-
ture coils so as to reduce the inductance
thereof at commutation, without being in
inductive relation to the field coils.

2. In an electric commutating machine,
the combination with a commutator, of in-
duction coils connected in series with the
commutator leads of the armature coils, and

short-circuited core-wound coils adapted to
be placed in inductive relation to said in-
duction coils.

8. In an armature, the combination with
a commutator, of commutator leads having
self-induction, and independent short-cir-
cuited core-wound coils adapted to increase
or diminish the self-induction of the said
commutator leads, as set forth.

4. In an electric commutating machine,
the combination with a commutator, of in-
duction coils connected in series with the
commutator leads of the coils of the arma.
ture of said commutating machine, inde-
pendent short-circuited elements adapted to
be placed in inductive relation to the said
induction coils in series with the commutator
leads, as set forth.

5. The combination with a commutator, of
impedance coils connected in the commnu-
tator leads of a commutating machine, and
of iron cores having short-circuited wind-
ings, the said short-circuited windings be-
g adapted to be brought into inductive
relation to said impedance coils, when said
impedance coils are carrying electric cur-
rents, as set forth.

6. The combination with a source of elec-
tric currents, and a circuit from the same,
of a commutating machine, a commutator,
and commutator leads having self-induction,
and of short-circuited elements, said short-
circuited elements being adapted to be
brought into inductive relation to such of
sald commutator leads as complete said cir-
cuit through said commutating machine, as
set forth.,

7. The combination of a commutating ma-
chine, a commutator, and impedance coils
connected in commutator leads of said com.-

mutating machine and cores having short-

circuited windings, said cores and windings
being adapted to be brought into inductive
relation to said impedance coils when they
form part of the working circuits through
said commutating machine, as set forth.

8. In a commutating machine, the combi-
nation with a commutator, of armature coils,
and of commutator leads having self-induc-
tion, and of independent short-cireuited coils
adapted to be brought into such relation
with the commutator leads as to diminish
the self-induction of said leads to commu-
tated currents, while not diminishing the
self-induction of said leads to commutating-
currents, as set forth.

9. The combination of an electric cireuit,
and of a_commutating machine, a commu-
tator, and of impedance coils connected in
series with the commutator leads of the ar-
mature coils of said machine, and of means
for making the inductance of said impedance
coils ineffective in obstructing the flow of
current from or to the said electric circuit
and said armature coils when they are not
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commutated without reducing the effective-
ness of said indnetance in cutting down the
currents induced in the armature coils when
they are comunutated.

10. Inn an electric machine, the combina-
tion with a commutator, of armature coils,
and commutation leads having self-induc-
tion, and of means comprising independent
short - circuited elements for changing the
self-induction of the armature coils and the
commutation leads, as set forth.

11. In a commutating machine, the combi-
nation with a commutator, of armature coils
and commutator leads having self-induction,
and of independent magnetic elements with
short - circuited coils arranged in inductive
relation to the armature coils, and of other
independent magnetic elements with short-
circuited coils, arranged in inductive rela-
tion to the commutator leads, whereby the
self-induction of the said armature coils
and commutator leads is changed, as set
forth.

19. In an clectric machine, the combina-
tion with a commutator, of armature coils
and commutation leads having self-induc-
tion, and of short-circuited elements within
the influence of said armature coils, and of
other short-cirenited elements within the in-
fluence of said commutation leads, as set
forth.

3. The combination in an eclectric ma-
chine with a commutator, of armature coils
and of impedance coils connected in the com-
mutation leads of said armature coils, and
of induction coils having short - circuited
windings adapted to neutralize the setf-in-
duction of the armature coils, and of other
induction coils having short-cirenited wind-
ings adapted to change the self-induction of
the impedance coils, during the tinie of the
commutation of said armature coils, as set
forth.

14. In a commutating machine, the com-
bination with a commutator, of armature
coils and of leads having sclf-induetion con-
necting said armature coils to commutator
scgments, and of iron coves wound with
short-cirenited coils placed in inductive re-
lation to the armature coils, and of other

iron corves wound with short-civeuited coils |

placed in inductive relation to the leads, all
adapted to diminish the volume of the cur-
rents induced in the armature coils during
the period of commntation, as set forth.

15. In a commutating machine, the combi-
nation with a commatator, of armature coils
and of commutator leads having self-induc-
tion, and of cores having short-circuited
windings and placed in inductive relation
to the armature coils, and of cores having
short-circuited windings and placed in in-
ductive relation to the commutator leads,
and all adapted to reduce the inductance of
{he avrmature coils, while increasing the 1m-
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pedance of the closed civcuits throngh the arv-
mature coils, during their commutation:
and all adapted to reduce the impedance of
the armature circuits between the brushes,
as set forth.

16. The combination of an clectric cir-
cuit, and of a commutating machiue, a com-
mutator, and of armature coils and of im-
pedance coils connected in series with the
commutator leads of the armature coils of
said machine, and of means for malking the
inductance of said armature coils of less ef-
fect in inducing currents in said armature
coils when they ave commutated, and of
means for making the inductance of said
impedance coils effective in cutting down
the currents induced in said armature coils
when they are commutated, and for making
the inductance of said impedance coils in-
effective in obstructing the flow of current
between the said electric civenit and said
armature coils when they are not commiu-
tated, as set forth.

17. In a commutating machine. the com-
bination with a commutator, of armature
coils and commutator leads having self-in-
duction. and of means within the influence
of the armature coils and the commutation
leads for inductively affecting said arma-
ture coils and commutation leads and con-
sisting of short-cireuited induction coils, as
set forth.

18. The combination in a commutating
machine, with a commutator, of armature
coils, and impedance coils connected in the
commutator leads of the armature coils. and
of means consisting of short-cirenited ele-
ments for effectively reacting upon the ar-
mature coils and the impedance ceils dur-
ing the time of commutation of said arma-
ture coils, as set forth.

19. In a commutating machine, the combi-
nation with a commutator. of commutator
segments, armature coils, leads ha ving setf-
induetion connecting said armature coils to
said commutator segments, and iron cores
wound with short-cireuited coils adapted to
diminish the volume of the currents induced
in the armature coils during the peried of
their individual commutation, as set forth.

90. In a commutating machine, the com-
bination with a commutator, of armature
coils and commutator leads having self-in-
duction, and of means comprising cores hav-
ing short-cireuited windings for neutraliz-
ing the inductance of the armature coils
while increasing the impedance of their in-
dividual eiveunits during eommutation and
for reducing the effective impedance of the
armature cireuits between brushes, as set
forth.

91. The combination of an electric cireuit
and of a commutating machine. a commu-
tator, and of armature coils and commutator
leads having self-induction, and of means
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for making the self-induction of the arma-
ture cotls Tess effective in inducing currents,
and of means for making the self-induction
of said commutator leads effective in cutting
down the currents induced in said armature
coils, when they are commutated, and for
making the self-induction of said commuta.
tor leads ineffective in obstructing the flow
of current between the said electric circuit
and said armature coils when they are not
commutated, as set forth.

22. In an electric motor, the combination
with a magnetic field ring, of a commutator,
an armature having longitudinally extend-
ing slots containing the armature coils, of
connected polar projections overlying said
longitudinally extending slots and arranged
between the unlike poles of the normal mag-
netic circuit, said connected polar projec-
tions being provided with a short-circuited
winding adapted to neutralize the effects of
armature reaction.

23. In an electric machine, the combina-
tion with the field cirenit, a commutator, of
an armature circuit and of armature coils
and of means for making the self-induction
of any armature coil ineffective in inducing
in its circuit electric currents when the said
coil is short-circuited during the period of
its commutation and of means for increas-
ing the inductive resistance of the circuit
through the said armature coil when the
same 1s undergoing commutation without
increasing the inductive resistance of the
circuit through the armature, as set forth.

24. In an electric machine, the combina-
tion with a commutator, of an armature and
armature coils, of impedance elements ar-
ranged in commutation leads from the ar-
mature coils and of short-circuited elements
arranged in inductive relation to said im-
pedance elements, as set forth.

25. In an electric machine, the combina-
tion with a commutator, of an armature and
armature coils, of inductance elements ar-
ranged in leads from the armature coils, and
of inductance neutralizing elements distinet
from the leads arranged in inductive rela-
tion to said inductance elements, as set forth.

26. The combination with a source of
electric currents and a circuit from the same,
of an electric machine having a commutator,
armature coils arranged in a closed wind-
ing, tapped circuits having self-induction
brought out from said closed winding at
equidistant points, and short-circuited ele-
ments arranged in inductive relation to
the self-inductive portions of such of said
tapped circuits as complete the active work-
ing circuits through said closed winding, as
set forth.

27. In an electrie machine, the combina-
tion with a commutator, of armature coils
and commutation leads having reactance ele-
ments, and of short-circuited clements with-
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in the influence of said armature coils, and
of reactance neutralizing clements within
the influence of said reactance elements, as
set forth.

28. In an electric machine, the combina-
tion with a commutator, of armature and
armature coils, of impedance coils arranged
in the leads from the armature coils and of
short-circuited elements arranged in induct-
ive relation to said armature coils, and of
other short-circuited elements arranged in
inductive relation to said impedance coils,
as set forth.

29. In an electric machine, the combina-
tion with a commutator, of armature and
armature coils, of impedance coils, of means
arranged in inductive relation to said arma-
ture coils, and means arranged in inductive
relation to said impedance coils for induct-
ively affecting the said armature coils and
impedance coils and consisting of short-
circuited elements.

30. In a commutating machine, the combi-
nation with a commutator, of armature coils,
and commutator leads having self-induc-
tion, of means within the inflaence of the
armature coils, and means within the in-
fluence of the commutator leads for induct-
ively affecting said armature coils and
commutator leads, and consisting of short-
circuited elements.

31l. In an armature, the combination with
a commutator, of commutator leads having
reactance, and of independent short- cir-
cuited elements adapted to neutralize or
augment the reactance of said commutator
leads, as set forth.

32. In an armature, the combination with
a commutator, of commutator leads having
self-induction and of short-cireuited means
adapted automatically to increase or dimin-
ish the self-induction of said commutation
leads, as set forth.

33. In an armature, the combination with
a commutator, of armature coils and of leads
from the same containing reactance, and of
short-circuited means adapted to automat-
ically neutralize or augment the reactance
of said leads, as set forth.

34. The combination in an electric com-
mutating machine, of a commutator, of an
armature and of armature coils, and of re-
actance elements connected in the commuta-
tor leads of said armature coils, and of
short-circuited means whereby the inherent
inductance of said elements i$ increased for
the purpose of reducing sparking during
the time when the armature coils are suc-
cessively undergoing individual commuta-
tion, as set forth.

35. In a commutating machine, the com-
bination with a commutator, of armature
coils, and of commutator leads having self-
induction, and of independent short - cir-
cuited elements adapted to neutralize the
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self-induction of said leads to commutated
currents while fncreasing the self-induction
of said leads to commutating currents, as
set forth.

36. In an clectric machine, the combina-
tion with a commutator, of armature coils,
and of commutation leads having reactance,
and of means adapted to nentralize the re-
actancu of said leads to commutated cur-

ents, while increasing the reactance of said
leads to commutating currents, as set forth.

37. In a (()nnnutatlno machine, the com-
bmmmn with a commutator,” of armature
coils. and of leads having veactance connect-
ing said armature coils to commutator seg-
ments; and of short-cireuited means where-
by the inherent reactance of said leads is
mereased for the purpose of diminishing the
\'oh,mo of currents induced in the- armature
coils during the period of their individual
commutation. as set forth.

38, The combination in an electric ma-
chmo, with a comnmutator, of armature coils,

and impedance coils connected in the con-
mutation leads of the armature coils, and
of means whereby the self-induction of the
armature coils and impedance coils 1s neu-
tralized to current passing in the cireuit be-
tween brushes during the time of the com-
mutation of said armature colls, as set forth.

39. In an electric machine, the combina-
tion with a commutator, of armature coils
and commutation leads having self-induc-
tion, and of means for neutralizing the in-
ductaucc of the armature coils while in-
creasing the impedance of their individual
circuits during commutation, and for re-
ducing the effective 111]])LCLU]CL of the arma-
ture civeuits between brushes, as set forth.

In testimony whereof, T affix my signa-
ture, n the presence of two snbscnbmo
witnesses.

WINDER BELWELYL GOLDSBOROUGH.
Witnesses:
Cmarrorre CUMBERSON,

W. D. Husrox.
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