.G, R, BEALL.
 ELECTROMAGNETIC DEVICE,
APPLICATION. FILED FEB. 2, 1916,

- 1,302,284, o Patented Apr. 29, 1919,
X | CFzs
20 — :
FIG. 1 Z/“@'E Nl =
1
‘] 419 :
o /6
ﬁ a (= - 4 r%
‘ —annal | ﬁth
ARl
% ('u ! ,\/JJJ
: 3 A 0
é"' , / ‘ yi h , .
. ‘ N 42
o ¢ - 9 ¢ /5
VR /2 4
al -0 ’ r“/]r* A
Ll'~ :"\J d
S R il U S S iy 7

v
= |

/)/C%ﬁzzz | 7&@%



10

15

20

26

30

35

40

45

50

55

UNITED STATES PATENT OFFICE.

CHARLES R. BEALL, OF SWISSVALE, PENNSYLVAN IA, ASSIGNOR TO THE UNION SWITCH
& SIGNAL COMPANY, OF SWISSVALE, PENNSYLVANIA, A CORPORATION OF PENN-

SYLVANIA,

ELECTROMAGNETIC DEVICE,

1,302,284,

Specification of Letters Patent.

Patented Apr. 29,1919,

Application filed Feﬁruary 2,1916. Serial No. 75,770.

To all whom it may concern:

Be it known that I, Cmarres R. Beary,
a citizen of the United States, residing at
Swissvale, in the county of Allegheny and
State of Pennsylvania, have invented cer-
tain new and useful Improvements in Elec-
tromagnetic Devices, of which the following
1s a specification. :

My invention relates to electromagnetic
devices. One object of my invention is the
provision of a device which is operable by

alternating current but immune to operation

by direct current.

I shall describe one form of apparatus
embodying my invention and then point out
the novel features thereof in claims.

In the accompanying drawing, Figure 1
1s a view, partly diagrammatic showing one
form of apparatus embodying my invention.
Fig. 2 is a view showing a section of Fig. 1
on line IT—IT looking in the direction of the
arrows.

Similar reference characters refer to simi-
lar parts in each of the views.

With reference first to Fig. 1, letter C des-
ignates a laminated core substantially rec-
tangular in shape, comprising two vertical

legs 1 and 2 connected by two horizontal:

members 8 and 4. Adjacent their middle,
horizontal members 8 and 4 are shaped to
form poles 5 and 6, which are adapted to
receive between them a cylindrical armature
7. This armature is laminated as shown in
Fig. 2 and is mounted on a rotatable shaft 8,
which revolves in a rear bearing 9 and a
front bearing which is omitted from the
drawing for the sake of clearness. This
armature is wound with a circuit of low re-
sistance, which as here shown comprises bars
10 and 10* which extend through slots which
are partially open at the surface of the arma-
ture, so that the bars are almost completely
embedded in the armature laminations. The
ends of bars 10 and 10* extend through cor-
responding holes in plates 11 and 11* of elec-
tro-conductive material on the front and
back of the armature respectively, The bars
and the plates are firmly riveted together so
that they form a circuit of very low resist-
ance.

An alternating field for actuating the
armature is set up in the core C by windings
a,b,¢,and d. All four windings are as here
shown connected into one series circuit,
which 1s adapted to be energized by a source

of alternating current 15 connected to the
circuit by a switch S. The polarities of
windings @ and b are at every instant oppo-
site to the polarities of windings ¢ and d, so
that these windings when energized cause
flux to flow through the core C and armature
7 In two parallel paths. One of these paths
comprises leg 1 of core C, the left half of
member 3, armature 7 and the left half of
member 4, and the other path comprises leg
2 of core C, the right half of member 3,
armature 8 and the right half of member 4.
As is well known to those versed in the art,
the particular arrangement of the windings
and core which I have herein shown and de-
scribed is only one of many means by which
an alternating flux may be sent through the
armature and it is understood that I do not
wish to be limited to the particular construc-
tion shown. I believe, however, that thé ar-
rangement which I have shown 1s preferable
because of its symmetry with respect to the
armature for reasons which I will describe
hereinafter.

The armature is biased by gravity, so that
a crank arm 12 fixed to shaft 8 normally en-
gages a stop 13. In this position of the
armature, bars 10 and 10* are a short dis-
tance beyond the surfaces of poles 5 and 6 as
shown on the drawing so that the flux flow-
ing through the armature passes through the
closed circuit comprising bars 10 and 10 and
plates 11 and 112 Tt is well known that if
alternating flux is passed through a closed
circuit, it causes the flow of currents in the
circuit which create magnetic forces under
the influence of which the circuit tends to
assume a position wherein it is threaded by
the smallest number of lines of force. In
other words, the closed circuit tends to as-
sume such a position that its plane is paral-
lel to the lines of force, which means in this
case that the circuit tends to rotate the arma-
ture counter clockwise until bars 10 and 10
are opposite the middle of the faces of poles
5and 6. The armature remains in this posi-
tion until the flow of the alternating flux
through the armature is interrupted.

This armature may be used for operat-
ing any desirable mechanism. For the pur-
pose of illustration, I have shown it opera-
tively connected through crank arm 12, pin
18 and a link 19 with a contact finger 20
which is pivoted at 21, so that contact tip
22 cobperates with a fixed contact block 23.
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As long as switch S is open, the windings
on core C are deénergized, so that the arma-
ture is in the position shown on the draw-
ing and crank arm 12 rests against stop 13,
so that contact tip 22 is out of engagement
with block 28. Closure of switch S causes
flow of alternating current through the
windings, which sets up an alternating flux
through armature 7, so that the armature
turns counter clockwise until bars 10 and
10* are opposite the middle of the pole
faces. In doing so, crank arm 12 moves
link 19 upward until contact finger 20 brings
tip 22 into engagement with contact 23.
Contact 22—28 remains closed until switch
S is re-opened, whereupon the armature is
turned back to the initial position by the
weight of the contact finger and its connect-
ing mechanism.

If the electromagnetic device as thus far
described is subjected to the flow of direct
current through its windings there is set
up in the core a direct flux which flows
through the armature but has no tendency to
rotate it, because, being substantially con-
stant, this field induces no currents in the
armature circuit.

The direct flux flows through the core C
in two paths similar to the alternating flux
and the flux in each path exerts a mag-
netic attraction on the armature. If the
distribution of the flux in the air gaps be-
tween the poles and the armature were en-
tirely symmetrical with regard to the ver-
tical and horizontal planes passing through
the axis of rotation of the shaft 8, the
magnetic attraction of the armature in one
direction would be balanced by an equal at-
traction in the opposite direction, so that
the resultant magnetic force acting on the
armature would be nél. A truly symmetrical
distribution of the flux can only be approxi-
mated in devices built for commercial use,
for it has been found that small variations
in the air gaps, in the magnetic qualities
of the iron laminations and various other
factors make enough difference in the re-
lIuctance of the two paths to cause unequal
flux distribution. This causes the armature
to be attracted from its central position in
the direction of the greater flux density,
so that there is a tendency for the armature
to bind in its bearings and resist rotation
with more or less friction. For example, if
the air gap between armature 7 and pole 5
should be shorter than the air gap between
the armature and pole 6, the armature would
be attracted toward pole 5 by a greater
force than toward pole 6, and this unbal-
anced condition would tend to cause the
armature to bind in its bearings. A small
amount of direct flux through the armature
does not cause any serious unbalanced at-
traction of the armature so that the bearing
friction caused thereby is comiparatively

1,302,284

small. However, a heavy direct flux gen-
erally causes such an unbalanced attraction
of the armature that it resists turning with
considerable friction. This is serious espe-
cially where the device is designed for op-
eration by comparatively feeble alternating
currents because then the rotative forces on
the armature may be insufficient to overcome
the bearing friction and so may be insuffi-
clent to turn the armature.

In order to make the device immune to
even a heavy direct current, I provide a
shunt magnetic path around the armature,
which shunt path is of very low reluctance
to the direct current flux, but opposes the
passage of the alternating flux. As here
shown, this shunt magnetic path comprises
a strap 16 of soft iron which connects mem-
bers 8 and 4 of core C adjacent the poles 5
and 6. The ends of the strap are pressed
into firm contact with the laminations, so
that there is practically no air gap between
the strap and the laminations. The re-
luctance to direct flux of this magnetic path
from one pole to the other is very small com-
pared to the relutance of the parallel path
comprising armature 7 and the air gaps be-
tween the armature and the poles; so that
when direct flux is set up in core C practi-
cally all of it flows through this shunt path
instead of the armature. In order to keep
the alternating flux from taking this same
path, I provide around strap 16 closed bands
17 and 17 of copper or other electro-con-
ductive material. When alternating flux
flows through strap 16 it causes the flow of
currents in these bands which set up counter
magnetomotive forces opposing the flow of
the alternating flux through the strap, so
that nearly all of it is caused to flow through
the armature. In this manner the two fluxes
are separated to such an extent that the in-
strument is free to respond to the flux of the
alternating current even when a heavy direct
current flows through its windings.

Electromagnetic devices embodying by
my invention are adapted for many uses.
As an instance, they may be used as re-
lays in railway signaling systems where al-
ternating current is used in the track cir-
cuits controlling these relays. The amount
of current that can be sent through these
relays is limited by the leakage and vari-
ous other factors of the track circuits, so
that the relays must be responsive to com-
paratively weak alternating currents. It
frequently happens in such installations that
heavy direct currents get into the relay
windings due to grounds and crosses of
the conducting wires, which currents gen-
erally interfere with the proper operation
of some types of relays. This is not the
case with relays embodying my invention as
I have explained hereinbefore.

Although I have herein shown and de-
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scribed only one form of electromagnetic de-
vice embodying my invention, it is under-
stood that various changes and modifications
may be made therein within the scope of the
appended claims without departing from
the spirit and scope of my invention.

Having thus described my invention, what
I claim 1s:

1. An electromagnetic device comprising
a ring-like field member having pole-faces
on opposite legs thereof, an armature lo-
cated between said pole-faces and mounted
to oscillate, windings on said field member
for creating magnetic flux in two paths com-
prising the armature and the portions of the
field member on opposite sides thereof re-
spectively, the fluxes in said two paths pass-
ing through the armature in the same di-
rection and the distribution of the flux in
said armature being substantially symmetri-
cal so that the magnetic attraction on the
armature is substantially balanced in all
directions, a winding on said armature
whereby torque is exerted thereon by alter-
nating flux in said paths, a shunting mem-
ber of low reluctance bridging said op-
posite legs adjacent the pole-faces, and a
closed circuit of low resistance around said
shunting member. :

2. An electromagnetic device comprising
an armature of magnetizable material
mounted to oscillate, a field member for
passing magnetic flux through said arma-
ture, the distribution of said flux being sub-
stantially symmetrical whereby the mag-
netic attraction on said armature is sub-
stantially balanced in all directions, a closed
electroconductive circuit carried by said ar-
mature, the armature being biased to such
position that the said flux passes through
said circuit, whereby torque is exerted on
said armature when said flux is alternating
in character, a member of magnetizable ma-
terial for shunting from said armature flux
created in said field member by direct cur-
rent, and a closed circuit of low resistance
around said shunting member.

3. An electromagnetic device comprising
a field member, means for creating magnetic
flux therein, an armature mounted to oscil-
late in the path of the field flux, the distri-
bution of the flux in said armature being

8

substantially symmetrical so that the mag-
netic attraction on said armature is substan-
tially balanced in all directions, a winding
on said armature whereby torque is exerted
on the armature by alternating current in
the field, a member of magnetizable mate-
rial for shunting from said armature flux
set up in said field member by direct cur-
rent, and a closed circuit of low resistance
around said shunting member.

4. An electromagnetic device comprising
a field member having two confronting pole-
faces, an armature pivotally mounted at a
point midway between said pole-faces, the
alr gaps between said armafure and pole-
faces being substantially equal and constant
throughout the range of movement of the
armature, a closed circuit of electroconduc-
tive material carried by the armature, said
armature being biased to such position that
magnetic flux passing through the armature
from said pole-faces passes through said
circuit, means for creating magnetic flux in
sald field member, a member of magnetiz-
able material for shunting from said arma-
ture flux created in said field member by
direct current, and a closed circuit of low
resistance around said shunting member,

5. In combination, an armature, a field
core and windings disposed substantially
symmetrically with respect to the armature
so that the magnetic attraction of said arma-
ture by flux in said armature and said core
is approximately balanced in all directions,
a member of low reluctance connected to
parts on said field core of opposite polarities
for shunting from said armature flux
created in said core by direct current in
said windings, a low resistance circuit
around said member for preventing the
passage through said member of flux created
m sald core by alternating current in the
windings, so that said alternating flux is
caused to flow through said armature, and
a winding on said armature responsive to
said alternating flux,

In testimony whereof I aflix my signature
in presence of two witnesses.

CHARLES R. BEALL.

Witnesses:

A. L. Vexorn,
A. C. Novtr,

Copies of this patent may be obtained for five cents each, by addressing the “Commissioner of Patents,
‘Washington, D. C.”
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