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UNITED STATES

PaTENT OFFICE.

RUDOLT EICKEMEYER, OF YONKERS, N.EVV YORK; RUDOLTF EICKEMEYER,
JR., EXECUTOR OF SAID RUDOLF EICKEMEYER, DECEASED.

DYNAMO-ELECTRIC MACHINE.

SPECIFICATION forming part of Letters Patent No. 564,559, dated July 21, 1896,
Application filed October 7, 1891, Berial No, 407,976, (No model.)

To all whony it may concer:

Be it known that I, RUDOLF KICKEMEYER,
of Yonkers, in the county of Westchester and
State of New York, have invented certain new
and useful Improvementsin Dynamo-Electric
Machines; and I do hereby declare that the
following specification, taken in connection
with the drawings furnished and forming a
part of the same, is a clear, true, and com-
plete description of the several features of my
invention.

Certain featuresof the improvementsherein
disclosed are widely applicable to dynamo-

electric machines however largely they may

be varied in matters of form, general con-
struction,and capacity,and whether designed
for alternating or for constant current service,
and whether the machines be bipolar or mul-

‘tipolar, or organized to operate as generators

0r as motors.

In my application for Letters Patent filed
December 31, 1890, Serial No. 376,361, I dis-
closed certain portions of my said improve-
ments as organized by me in certain alter-
nating-current machines, which have been
proved to possess high and practically valua-
able efficiency.

Broadly stated, the objectof my present in-
vention is to obviate, prevent, or neutralize
such magnetization asis not required for se-
curing the proper operation of dynamo-elec-
tric machines, and which, as I believe, oper-

ates adversely or obstructively to the attain-

ment of the results desired from or in the use
of such machines. :

It is well known that an electric current
flowing in certain sections or portions of an
armature-circuit induces in adjacent portions
of the field-iron, as well as in portions of an
armature-core,more or less magnetism,which
operates so adversely to the magnetism in-
duced by electric current in the field-coils as
to cause a shifting of the line of commutation
under variations in load and speed, with con-
sequent sparking at the commutator-brushes
and impairing operative efficiency.

I have accomplished the objects hereinbe-
fore stated and secured a practically perma-
nent or fixed line of commutation, with abso-
lute freedom from sparking at the brushes,
regardless of variations in load or speed, and

a consequent greater efficiency, by a novel
organization of the magnetic systems of dyna-
mo-electric machines, which consists in coms-
bining with an armature (in any of the well-
known forms and regardless of its character)
and field-coils (however they may be arranged
and applied) of masses of magnetic metal, af-
fording cheek-pieces appropriately arranged
with relation to the armature, and having
similarly-magnetized cheeks closely adjacent
to each other, but separated by spaces paral-
lel with the armature-winding; and counter
field-coils, each having a portion thereof
located in an appropriate space between two
similarly-magnetized cheeks (7. e., of the same
polarity) and parallel with adjacent sections
or portions of the armature-winding, these
counter field-coils being supplied with an elec-
trie current, which, in those portions occupy-
ing said spaces, flows in a direction opposite
to the flow of the electric current in the ad-
jacent portions or sections of the armature-
winding, said spaces affording air-space re-

-sistance in the field metal occupied by the

magnetic circuits induced by said adjacent
armature-sections, and the counter field-coils
affording a magnetic flow opposite in direc-
tion to the flow of magnetism induced by said
armature-sections. This air-space magnetic
resistance and the counter field-coils have
been embodied by me as described in ma-
chines wherein the field-coils directly mag-
netize the iron core of the armature, and in
which the cheek-pieces are polarized by in-
duection from said core; also in machines
wherein the cheeks are portions of separate
electromagnets having field-coils which di-
rectly polarize the cheek-pieces, which in turn
polarize the armature by induction, and also
in machines wherein the armature contains
no magnetic metal, and therefore I have illus-
trated .my improvements as applied to con-
tinuous-current machines of a type devised
by me, and disclosed in different formsin my
Letters Patent No. 358,340, dated February
22, 1887, and No. 413,337, dated October 22,
1889, and also to other forms of bipolar and
multipolar machines, including alternatin

current machines. :
After describing in detail the several ma-
chines illustrated, the main feature of my in-
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vention and certain specific features deemed
novel and appropriate to thisapplication will
be duly specified in the several clauses of
claim hereunto annexed.

Referring to the drawings, IMigure 1 illus-
trates a bipolar machine embodying in a pre-
ferred form my present invention, the game
being in side view, but with one of its sides
or pair of correspondingly polarized cheek-
Dieces removed. TFig. 2 is a central vertical
cross-section of the machine. Fig. 3isa cen-
tral horizontal section of the armature with
the upper cheek-piece and the field-coils re-
moved. Iigs. 4 and 5 in diagrams illustrate
the electrie portions of the machine, respec-
tively arranged to operate as in series ma-
chines and as in shunt-machines. Fig. 6 in
end elevation illustrates another form of bi-
polar machine containing separate clectro-
magnets and embodying my invention. Tig.
7 illustrates the frame and field-coils of the
same with the cheeks at one side removed.
Fig. 8 illustrates the same in vertical cross-
section. Fig. 9 diagrammatically illustrates
my invention applied to a multipolar ma-
chinehaving a drum-armature and four sepa-
rate electromagnets. Tigs. 10 and 11 illus-
trate my invention as applied to a multipolar
machine having a disk-armature and twelve
separate electromagnets. Tigs. 12 and 13
illustrate in vertical central section and also
in lateral vertical section an alternating-cur-
rent machine embodying the main features
of my present invention.

Referring to the specially desirable form
of machine illustrated in Figs. 1 to 3, inclu-
sive, it is to be understood that the eentral
portion ¢ of the iron frame A and the cheek-
pieces bolted thereto, and the substantially
rectangular field-coils B, surrounding the ar-
mature C diametrically, and housed within
the frame, and directly magnetizing the core
of the armature, involve certain features of
invention disclosed in my Letters Iatent
Nos. 358,340 and 413,337, and also certain
features disclosed and claimed in my appli-
cation for patent, Serial No. 277,161, (Patent
No. 454,336.) This machine, however, dif-
fers from my said prior machines in that the
magnetic metal is divided into four cheek-
pieces, each similarly-magnetized pair being
separated, so asto afford magnetic resistance
as now desired by me. These pairs of di-
vided cheek-pieces may be termed ““ upper”
and “lower” cheeks or sections b and &' on
one side, and these are similarly magnetized
by induetion from the armature-core and
are of one polarity; the sections b?and 02 on
the other side, both similarly polarized from
the core, are of another polarity. These up-
per and lower cheeks or sections are sepa-
rated by intervening vertical open spaces, as
ate ¢, preferably on a horizontal line parallel
with the axis of the armature and with the ad-
jacent winding thereon. These spaces ¢ and
¢ closely adjacent to the armature are quite
narrow, but they are gradually widened out-

wardly, because of receding exterior surfaces
of the cheek-piece sections, as clearly in-
dicated in ¥ig. 2. The longitudinal lines of
these spaces may be somewhat inclined or
spiraled with respect of the armature with-
out departure from my invention, as they
would then be substantially parallel with the
adjacent portions of the armature-winding
and serve the purposes intended. This divi-
sion of the cheek-pieces and the resultiye
magueticresistance atforded to a valuable ®&-
tent by the air-spaces results in reducing that
objectionable magnetization of the cheeks
which is due to the currents in adjacent por-
tions of the armature-winding, inasmuch as
the numnber of lines of force developed in a
magnetic civeuit by a given electric current
depends upon the magnetic resistance en-
countered in said circuit.

The main field-coil I3 is constructed in sec-
tions, and it surrounds the armature longi-
tudinally and diametrically, and its sides are
inclosed by themagnetic metal which affords
the divided cheeks. The dotted lines d and
’ illustrate the magnetic cireuits atforded by
the field-coils B, and, as indicated, the iron
contained in the frame, in the cheek-pieces,
and in the core e of the armatuve affords a
complete cireuit in which no magnetic resist-
ance is encounteved except at the narrow
annular space in which the armature-wind-
ing is located and travels. These magnetic
circuits being thus well shortened or concen-
trated, and as free from magnetic resistance
as possible, are as dense and as strong as it
is practically possible for these field-coils to
develop under the most favorable electric
conditions.

The objectionable magnetization induced
by the armature-winding flows in magnetic
circuits at /' and f', (these Dbeing also indi-
cated in dotted lines,) and it will he seen
that by separating the cheeks and affording
the air-spaces ¢ ¢’ no portion of these mag-
netic cirveuits can be completed in magnetic
metal. In other words, each of said circuits
traverses a portion of the armature-core e
and lateral portions of the check-seetions,
but the air-space resistance, being interposed
between the similarly-magnetized sections,
compels each of these cireuits to complete
itself by traversing external air-space with
corresponding resistance, and thus propor-
tionately reducing the number of magnetie
lines in said eircuits far below what would
otherwise be due to the electrie current in
the armature-ecircuit. Iaving thus weak-
ened these objectionable magnetie cireuits,
I still further completely neutralize them by
means of a coil, which may be termed either
an ‘‘auxiliary fleld-coil” or a “ counter field-
coil.”

The auxiliary field-coil D is similar as to its
rectangilar form to the main field-coils B,
and it longitudinally surrounds the arma-
ture, but is at right angles to the main coil,
and it is much smaller, and need contain but
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little, if any, more wire than is contained in
that portion of the armature - winding which
induces the objectionable magnetization in
the armature-core. The coil D, atits endsg,
lies between the ends of the armature and the
ends of the main coils, but its sides ¢ are
wholly outside of the magnetic metal or
frame and snugly occupy the cheek-dividing
spaces ¢ ¢’ at the sides of the machine. The
sides of the auxiliary coil have supporis upon
suitable brackets ¢®. It is now to be under-
stood that the electric current in this auxil-
iary coil develops a magnetic ecircuit ad-
jacent to its sides ¢', which in the direction
of flow will be opposite to the flow of the
magnetice circuit induced.at that point by the
electric current in the adjacent portions or
sections of the armature-winding, and these
magnetic circuits will neutralize or balance
each other, thus practically eliminating from
the armature-core all of that polarization
which, when present, is obstructive to the
most effective operation of the machine.

Referring to Fig. 2, it will be assumed that
the electric current in an appropriate direc-
tion in the main flield-coil willinduce magnet-
ism, so as to produce N polarity in the arma-
ture-core at the left-hand side of the arma-
ture-shaft and 8 polarity atthe right hand, as
designated. The. electric ecircuit in the ar-
mature-coils, under correspondingly appro-
priate conditions, will produce N polarity at
N'’in the armature-core above the armature-
shaft and S polarity at S’ below, as indicated
in the drawings. An appropriate electric
currentin the auxiliary field-coil will develop
at N’ and at S’ opposite polarity, and it there-
fore counteracts or eliminates from the ar-
mature-core and the adjacent field metal all
of that magnetization which is not and ean-
not operate in harmony with the magnetiza-
tion induced by the main field-coils, and
hence no sparking will occur at the brushes,
because there can be no shiftingof the line
of commutation under variations in load and
speed, and hence the commutator-brushes
will require no variation in position under
variations in load or of speed, orin changing
the direction in which the machine may be
driven. .

The diagrammatic Tigs. 4 and 5, respec-
tively,illustrate machines woundin series and
in shunt, the field-coils B and counter field-
coils D being therein clearly indicated. By
thus having the electrie current in those por-
tions of the counter field-coils which occupy
the spaces between similarly-magnetized
cheeks flowing in a direction opposite to the
current in adjacent sections of the armature-
winding the magnetism induced by the coun-
ter field-coils flows so as to strengthen the
magnetic field at diagonally opposite cheeks
of both pairs and weakens the field at the
other diagonally opposite cheeks, the pairs
thus respectively affected varying according
to the direction in which the armature may
be rotated.

[M)

In Figs.6,7,and 8 T have shown the main
parts of a bipolar machine embodying sepa-
rate electromagnets, and in which appropriate
portions of the field-coils are made to do the
same duty as is performed by the auxiliary
or counter field-coil in the form of machine
first deseribed. In .this instance the masses
of magnetic metal afford four cheek-pieces,
which are the cores of two separate electro-
magnets, and the similarly directly magnet-
ized cheek-pieces are separated by horizontal
narrow spaces ¢ ¢', as before described, and
each radially-disposed core is surrounded
by a field-coil, the four cores L B’ h*%® hav-
ing the four field-coils B B' and B?* B%. The
coils B and B’ are diagonally opposite each
other, and they are each composed of five
sections, which vary from each other in size
merely to enable them to be properly massed
within the space provided for them. The
coils B® and B? are also diagonally opposite
each other and are each composed of three
sections, and they are located at right angles
to the coils B B'. With the coil B* and three
sections of the coil B supplied with an elec-
tric current which will induce N polarity in
both of the cheek-pieces & % and with a cur-
rent in coil B? and in three sections of the
coil B', which will induce S polarity in cheek

pieces 1’ B3 a magnetic fleld will be afforded .

which will correspond to that which is usual
in bipolar machines. :
‘When the machine is operated with the eur-
rent in the armature-circuit lowing in a cer-
tain direction, the upper S pole and the lower
N pole will be weakened and the line of com-
mutation shifted, that being the defect which
my invention obviates. In this form of ma-
chine I avoid that defect by so coupling two
sections of the coil B and two sections of the
coil B’ in series with the armature that these
will then operate as auxiliary or counter field-
coils, so that the variable exciting current

passing through these four sections of coun-

ter field-coil will appropriately strengthen the
N and S magnetism in the diagonally opposite
cheeks A* i® in proportion to the extent to
which they would have otherwise been weak-
ened by the current in the armature-coils,
the other two diagonally opposite cheeks be-
ing duly weakened, and hence shifting of the
line of commutation is obviated and no spark-
ing can occur at the brushes during any pos-
sible variation in load. As thus organized,
however, the machine would be adapted to
operate in but one direction, and to provide
for a reversible motor of this type, for in-
stance, will involve only the addition of two
sections each to the coils B* and B® and
providing a cut-out which will place those
two pairs of counter field-coil sections in
circuit with the armatiure which would be
appropriate to the particular direction in
which the machine was to be driven, the
counter fleld-coils in service being then so
coupled in circuit with the armature that ap-
propriate cheeks would be magnetically
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strengthened or weakened, according to the
direction of rotation by the armature. If in
this machine each of the four field-coils had
an equal number of sections, the ends sought
would be also secured by the use therewith
of an auxiliary or counter field-coil, which, as
in Figs. 1, 2, and 3, would be of the same form
as therein shown, and have its sides oceupy
appropriate positions in close proximity to the
spaces ¢ ¢/, which in this machine, as in the
machine first described, separate similarly-
magnetized check-picces.

The machine illustrated in Fig. 9 is o mul-
tipolar machine, and it embodies four elec-
tromagnets grouped around a drum -arma-
ture. Kach of said four magnets affords two
cheeks, respectively polarized N S, but two
of the N cheeks, being side by side, constitute
in substance a cheek in two parts similarly
magnetized, and the other two N cheeks con-
stitute another two-part N cheek diagonally
opposite the first. - Two S pole-faces are also
afforded, cach embracing two adjacent S pole-
cheeks. In this machine the main field-coils
are designated B3* B B* BB7, and cach magnet
closely adjacent to its checks is provided with
an auxiliary coil, as at D, D', D? and D2
Kach two of the adjacent and similarly-mag-
netized checks are separated from each other
by a narrow space, as at ¢ ¢’ ¢® ¢3, as in the
other machines, and portions of the auxiliary
or counter field-coils are located as nearly ad-
Jacent to said spaces and to the armature as
may be practicable, and therefore these coils,
being coupled with the armature and appro-
priately proportioned to the armature-wind-
ing, will, as in the other machines, eliminate
the magnetic reaction of the armature and
prevent the shifting of the lines of commuta-
tion, and thereby obviatesparking at the com-
mutator under variations in load.

Referring again to Iig. 9, it will be seen
that if each of the field-coils (of the I3 series)
should be divided into two sections and sepa-
rately applied fo the two legs of the magnets,
as indicated in dotted lines at the uppermost
magnet in said figure, the adjacent counter
field-coils (of the D series) would in like man-
ner be divided, and each part would surround
its appropriate portion of the magnet-leg be-
tween the adjacent field-coil and the arma-
ture, and also properly occupy effective posi-
tions at or adjacent to the air-gaps ¢, ¢, (;?,
and ¢,

In Figs. 10 and 11 I show another multipo-
lar machine, having a disk-armature ¢ and
twelve electromagnets, each having its own
licld-coil Bf and the whole being so organized
as to afford six fields of force. Asin the ma-
chine last deseribed, two adjacent N pole-
cheeks in this machine constitute in sub-
stance one N pole-face divided into two parts,
and these alternate in the same plane with
similarly-divided S pole-faces, as clearly in-
dicated in the upper half of Fig. 11, the N
pole-faces on the one side of the armature
beinglocated opposite other Spole-facesat the

other side, as clearly indicated in Fig. 10, In
this machine each electromagnet has an aux-
iliary or counter field-coil DY, which i, inthis
case, atright angles to the ad jacent main field-
coil and surroundsthe two cheecksof themag-
net, and is located between the main field-
coil B® and the armature. So, also, in this ma-
chine, as before indieated, each pair of simi-
larly-magnetized cheeks constitute in sub-
stance one cheek separated into two parts by
one of the spaces ¢, and each of said spaces
is occupied by appropriate portions of two
auxiliary field-coils, substantially as in the
other machines; andso, also, are the separat-
ing-spaces ¢ parvallel with the main portion
of the armature-winding, which in this case
isradial and has its path Detween the two
sets of magnets, or, in other words, in front
of all of the pole-faces, and hence these aux-
iliary coils will and do operate when properly
excited, as hefore described, in preventing
the shifting of the lines of commutation and
obviating sparking at the commutator, re-
gardless of variations in load.

Itis now to be understood that the machines
illustrated in Figs. 6 to 11, inclusive, embody
novel combinations which may not be appro-
priately claimed hervein, and thercfore said
features will be made the subject of a sepa-
rate applieation for Letters Patent filed here-
with. = (See Serial No. 407,977.)

Although my aforesaid prior application,
Scrial No. 376,361, contains a full diselosure
of alternating-current machines embodying
certain of the improvementsherein more ex-
tensively disclosed, I shall deem it proper, in
view of the intended scope of this specifica-
tion and of certain of the claims to he liere-
inafter annexed, to illustrate and briefly de-
seribe one of my alternating - current ma-
chines.

As shown in Figs. 12 and 13, the magnetic
field metal is so disposed that the upper and
lower portions thereof are each in two sepa-
rate masses of laminated iron A’ A? and A% A4
each mass being substantially in horseshoe
form, and one mass A* or A' being within a
larger mass A’ or A% butseparated from each
other. The cheeks afforded by these four
masgses of iron constitute in one sense two
cheeks divided into twosimilarly magnetized
parts, those at one side being of N polavity
and those at the other of 8 polarity, as indi-
cated, These pole-cheek divisions are sep-
arated by air gaps or spaces, as hereinbefore
described, as at ¢, ¢/, 2, 3, ¢!, and .

The counter field-coil D is located adjacent
to the gaps ¢ and ¢/, and a second double
counter field-coil D is constructed in two
widely-separated sections, one of which has
its sides adjacent to the gaps ¢ ¢% and the
other has its sides adjacent to the gaps ¢* and
¢’ The armature C?has its sections of wind-

ing in suitable grooves, in a laminated iron
core, and the field-coil B? divectly magnetizes
said core, and the field metal is magnetized
by induction.
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It will be obvious that in machines of this

type the air-gaps and the counter field-coils.

operate, in the main, substantially as in the
other forms of machine, and they have been
proved to possess special value in alternat-
ing-current motors.

Having thus deseribed my invention, I
claim as new and desire to secure by Letters
Patent—

1. In a dynamo-electric machine, the com-
bination substantially as hereinbefore de-
seribed, of an armature; field-coils; masses
of magnetic metal affording cheek-pieces ap-
propriately arranged with relation to the ar-
mature, and having similarly - magnetized
cheeks adjacent to each other, but separated
by spaces parallel with the armature-wind-
ing; and counter field-coils, each having a
portion thereof, located in and adjacent to,
an appropriate space between two similarly-
magnetized cheeks, and parallel with the
adjacent sections or portions,of the armature-
winding, and supplied with an electrie cur-
rent, which, in the portions of said counter
field-coils occupying said spaces, flows in a
direction opposite to the current in the ad-
jacent portions of the armature-winding,
said spaces affording air-space resistance in
the magnetic circuits induced by said adja-
cent armature-sections, and the counter field-
coils, inducing a maguetic flow opposite in
direction to the flow of magnetism induced
by said armature-sections.

2. In a dynamo-electric machine, the com-
bination substantially as hereinbefore de-
scribed, of a drum -armature; field-coils;
masses of magnetic metal affording two pairs
of cheek-pieces located on opposite sides of
the armature, each pair being similarly mag-
netized, but separated centrally by a space
pma,]lel with the armature-winding; and a
counter field-coil which encircles the machine
on a line with said spaces, and induces a mag-

netic flow which strengthens the magnetism
in diagonally opposite cheeks of both pairs,
and weakens the magnetism in the other di-
agonally opposite cheeks.

3. In a dynamo-electric machine, the com-
bination substantially as helembefom de-
seribed, of a drum-armature having a core of
magnetic metal; field-coils which surround
the armature longitudinally, and directly
magnetize the armature-core; and magnetic
metal surrounding the armature and field-
coil, and affording cheek-pieces, polarized by
induetion from the armature-core, and ar-
ranged in similarly-magnetized pairs on op-
posite sides of the armature, the cheeks of
each pair being separated from each other by
a space substantially parallel with adjacent
portions or sections of the armature-winding.

4. In a dynamo-electric machine, the com-
bination substantially as hereinbefore de-
scribed, of a drum-armature having a core of
magnetic metal; field-coils which surround
the armature longitudinally and directly
magnetize the armature-core; magnetic metal
surrounding the armature and field-coils, and
affording cheek-pieces polarized by induction
from the armature-core, and arranged in simi-
larly-magnetized pairs on opposite sides of
the armature, the cheeks of each pair being
separated from each other by a space sub-
stantially parallel with adjacent portions or
sections of the armature-winding; and a
counter field-coil surrounding the armature
longitudinally at right angles to the field-coil,
and having portions thereof located at the
spaces between said similarly-magnetized
cheeks, and parallel with the adjacent sec-
tions of the armature-winding.

RUDOLF EICKEMEYER.

Witnesses:
HENRY OSTERHELD,
RupoLr EICKEMEYER, Jr.
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