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To all whom it may concern.:

Be it known that I, Lronarp E. Horr, 2
subject of the King of Great Britain, re-
siding at Schenectady, in the county of
Schenectady, State of New York, have in-
vented cerfain new and useful Improve-
ments in Flectromagnetic Switches, of
which the following is a description.

This invention relates to electromagnetic
switches for the control of electric circuits
and has for its object the provision of im-
proved means whereby an electric circuit
may be controlled in a reliable, simple and
efficient manner.

My invention relates more specifically to

electromagnetic switches for controlling

electric motor circuits, one of the objects be-
ing to provide a device of this character
which will effect the automatic starting of
the motor under the control of the motor
current. In the operation of electric motors
it is common to both start the motor and
control its speed by means of a resistance
which is cut in and out of circuit. Lvery
time a section of resistance is cut out the
current temporarily rises above normal
value. The increase in speed which 1s
caused by the cutting out of the section of
resistance immediately reduces the current.
During the starting of the motor, therefore,
there is a temporary rush of current for
each section of resistance which is cut out.
These sections are frequently cut out of cir-
cuit by electromagnetic switches which op-
erate automatically in- succession. In or-
der to prevent the switches from operating
too rapidly and increasing the current be-
yond a safe value, various means have been
devised. An ideal switch for this purpose
is one having an operating winding which
carries the motor current and a switch mem-
ber controlled thereby for cutting out the
resistance, the arrangement being such that
the switch member will not be operated to
cut out the resistance until the current has
fallen to a predetermined value, and will
assume an open position when the winding
is deénergized. A switch of this character
was-invented by Walter O. Lum and forms
the subject matter of an application, Serial
No. 611,151, filed February 27, 1911, as-
signed to the same assignee as this applica-
tion.

My present invention is in the nature of
an improvement on the device covered by

Specification of Letters Patent.

Patented Apr.13, 1920.
Serial No. 98,420.

the aforesaid application. The improve-

ment consists in arranging the parts so that

the magnetic circuits are more efficient and
the switch as a whole is more compact, and
at the same time more accurate and reliable
in operation. The construction and ar-
rangement of parts is likewise simpler and
requires a minimum of machine work, there-
by reducing the cost of production.

Tn the accompanying drawing, Figure 1
is a side elevation of a switch embodying
my invention; Fig. 2 is an end view of the
same; Fig. 8 is a diagrammatic view show-
ing the position of the parts when the switch
is open; Fig. 4 shows a similar view when
the coil has been energized and before the
switch is closed; Fig. 5 shows the switch in
closed position; and Fig. 6 shows a modi-
fied form of the switch.

Referring to the drawing 10 represents
the operating winding of the switch, 11 is
the movable switch member, which is held
in open position and out of contact with the
stationary contact 12 when the current in
the winding 11 is above a predetermined
value and closes when the current falls to
the proper value. The magnetic structure
for the winding 10 comprises a U-shaped
frame one of the legs of which is the cen-
tral core 13 for the coil. This core is formed
at its outer end into a yoke 14 in which the
switch arm 11 is pivoted at 15 and in which
is also pivoted at 16 the auxiliary arm 17.
The outside leg of the U-shaped frame con-
sists of three members, a short main pole
piece 18 and two longer auxiliary pole
pieces 19 one ov_each side of the main pole
piece and spaced therefrom. The two legs
of this magnetic frame, that is the central
pole piece 13 and the three members of the
outside pole piece are magnetically joined
by the member 20 mounted upon the slate
bage 21. The switch member 11 has at jts
upper end a contact 22 pivoted at 23 and
cobperating with the stationary contact 12.
A spring 94 is interposed between the con-
tact 22 and a lug 25 on the switch arm to
cause a yielding pressure between the mov-
able and fixed contacts. This spring also
has another function hereinafter pointed
out. The switch member 11 normally rests
against the pole piece 18 so as to form an
air gap 26. As shown there Is a non-mag-
netic screw 27 in the switch arm which is
adjustable so as to adjust the air gap. The
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arrangement of the switch arm with refer-
ence to the pole piece 18 is such that when
the winding is energized with the switch
arm in its normal position against the pole
piece, it will be held in this position in the
absence of any influences to change this con-
dition.

Secured to the auxiliary member 17 which
is of non-magnetic material is an armature
28 which is adapted to engage the two aux-
iliary pole pieces 19 and magnetically bridge
the same.
that it will normally assume the position
shown in Fig. 1, the hook 29 preventing it
from moving farther from the pole pieces.
The auxiliary member 17 is angular in
shape so as to form at its upper end a shoul-
der which engages a pin 30. This pin 30
slides in the lug 25 and has at its upper end
a collar 31 upon which the spring 24 bears
so that when the pin is moved upward, the
spring will be compressed. This pin is of
such a length that it will be engaged by the
shoulder and compress the spring when the
auxiliary arm moves toward the pole piece.
As shown the shoulder will not engage the
pin until toward the end of its movement,
that is, just before the armature 28 bridges
the pole pieces.

The operation of my device will now be
understood. When the winding 10 is ener-
gized above a value at which it is desired
that the switch should close, the switch mem-
ber will remain in its normal position and
be held there by the pull across the air gap
26. At the same time, the auxiliary member
17 will be moved inward into engagement
with the pole pieces 19. During this move-
ment of the auxiliary arm the spring 24 is
compressed by the engagement of the shoul-
der on the arm with the pin 17. . This gives
the switch member a bias or tendency to close
which is resisted by the pull across the cap
26. When the armature 28 reaches the pole
pleces 19 it shunts flux away from the gap
26 thereby decreasing the magnetic holding
out force upon the switch arm. Tt also sets
up a magnetic force tending to close the
switch by reason of the fact that the arma-
ture 28 becomes an active part of the mag-
netic circuit and is near enough to the switch
arm to act upon it effectively. The parts
will now be in the position shown in Fig. 4,
and the forces acting upon the switch arm
are first the force of the spring tending to
close the switch supplemented by the pull
of the armature 28 on the switch arm. These
two forces are opposed by the holding out
force across the gap 26. The adjustment is
such that with a relatively high value of cur-
rent in the winding 10, the holding out force
will overcome the two forces tending to close
the switch and the switch will remain open.
When the current decreases however, the
two opposing magnetic forces acting on the

This armature is so supported -
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switch arm will decrease proportionately,
but since the force of the spring remains
constant, the closing force will overpower
the holding out force and the switch will
close. As soon as the switch starts to close
by reason of the spring pressure, the arma-
ture 28 takes control of the switch arm and
closes it. The parts will now be in the posi-
tion shown in Fig. 5. Tt is therefore only
necessary that the spring shall initiate the
closing movement since the holding out gap
increases and the closing gap decreases very
rapidly. The switch member will now be
held in closed position very effectively since
there is a closed magnetic circuit around
through the U-shaped magnet to the pole
piece 28 and the switch member. At a low
value of current, that is below the value at
which it is desired the switch be held open,
the switch will immediately close. The aux-
iliary arm will move first and be followed
by the switch member.

In Fig. 6, I have shown a modification of
the switch mechanism in which instead of
employing only a single spring for applying
the closing pressure to the switch arm and
also wiping the contacts, I employ two
springs, one to perform each function. Re-
ferring to Fig. 6, it will be seen that the
spring 24’ is interposed between the contact
22 and the fixed bracket 25" so that the
spring has no other function than to cause
a yielding pressure between the contacts.
The spring for providing the closing tend.
ency is arranged on the auxiliary arm 17’.
As shown, this arm is chambered out to re-
ceive a spring 32. A pin 33 extends through
this chamber so as to engage the switch mem-
ber at the projection 34 when the auxiliary
member is moved inward, the adjustment be-
ing such that when the pin engages the
switch arm, a spring 32 will be compressed.
For this purpose the spring is inclosed be-
tween the two cup shaped portions 85 and
36 which are spaced apart.  The eup 36 is
threaded into the chamber so as to be ad-
justable by means of the knurled head 37.
The pin 33 is threaded into the cup shaped
portion 35 so that the spring forces the pin
outward. When the pin is forced inward
the cup 35 moves and compresses the spring.
By turning the head 37, the pressure of the
spring may be adjusted. This arrangement
while it employs two springs has some slight
advantage over the other form, especially
with reference to the ease of adjustment.
Otherwise the operation of the switch with
this modification will be the same as above
described.

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

1. An electromagnetic switch comprising
a magnetic structure and an operating
winding for magnetizing the same, and set-
ting up a magnetic flux through the mag-

70

75

80

&5

y6

95

100

106

110

116

120

130



10

15

20

25

1,337,072

netic structure which exerts a force tending
to hold the switch open and another force
tending to close the switch, a switch arm
normally in open position and initially held
by the holding-open force in said position
upon the energization of said winding above
a- predetermined value; a member arranged
to be moved by the operating winding and
means whereby said movement causes a con-
stant force to be applied to the switch arm
tending to move it to closed position against
said initial force, said member having =
pole piece which holds the switch member
in closed position when the current in the
operating winding falls to said predeter-
mined value and the closing force overcomes
the holding-open force. -

2. An electromagnetic switch comprising
a magnetic structure and an operating
winding for magnetizing the same, and set-
ting up a magnetic flux through the mag-
netic structure which exerts a force tending
to hold the switch open and another force
tending to close the switch, a switch arm

normally in open position and magnetically

held by the holding-open force in said posi-

~ tion upon the energization of said winding
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above a predetermined value, a member ar-
ranged to be moved by the operating wind-
ing and means whereby said movement
causes a constant force to be applied to the
switch arm tending to move it to closed po-
sition and reduces the said magnetic holding
open force, said member having a pole piece
which holds the switch member in closed
position when the current in the operating
winding falls to said predetermined value
and the closing force overcomes the holding-
open force.

3. An electromagnetic switch comprising
a magnetic structure and an operating
winding for magnetizing the same and set-
ting up a flux through the magnetic struc-
ture which exerts a force tending to hold
the switch open and another force tending
to close the switch, a switch arm normally
in open positicn and magnetically held by
the holding-open force in said position upon
the energization of said winding above a
predetermined value, a member arranged to
be moved by the operating winding, means
whereby after the completion of said move-
ment a constant mechanical force and a
magnetic force are applied tending to move
the switch arm to closed position, and the
magnetic holding-open force is reduced,
said member having a pole piece which
holds the switch arm in closed position
after the energization of said winding falls
to a predetermined value and the closing
force overcomes the holding-open force.

4. An electromagnetic switch comprising
a magnetic structure and an operating
winding for magnetizing the same and set-
ting up a flux through the magnetic struc-

a

ture which exerts a force tending to hold
the switch open and another force tending
to close the switch, a switch arm normally
in open position and magnetically held by
the holding-open force in said position
upon the energization of said winding above
o predetermined value, a member arranged
to be moved by the operating winding,
means whereby said movement causes a con-
stant force to be applied tending to move
the switch arm to closed position, an arma-
ture carried by said member which short
circuits some of the holding-open flux of
the magnetic structure in its attracted po-
sition and exerts a magnetic force upon the
switch arm tending to move it to closed po-
sition, said armature holding the switch arm
closed after the energization of the operat-
ing winding falls to said predetermined
value and the closing force overcomes the
holding-open force.

5. An electromagnetic switch comprising
a magnetic structure and an operating
winding for magnetizing the same and set-
ting up a flux through the magnetic struc-
ture which exerts a force tending to hold
the switch open and another force tending
to close the switch, a switch arm normally
in open position and initially acted upon by
the magnetic force which tends to hold the
switch open, a member arranged to be
moved by the operating winding, means
whereby said movement causes a constant
force to be applied tending to move the
switch arm to closed position, said member
having a pole piece initially in the unat-
tracted position which in the attracted posi-
tion of said member tends to close the
switch after the energization of the operat-
ing winding falls to said predetermined
value and the closing force overcomes the
holding-open force.

6. An electromagnetic switch comprising
an operating winding and a magnetic struc-
ture therefor through which a flux is set
up by the operating winding which exerts

a force tending to hold the switch open and’

another force which tends to close the
switch, a_pivoted switch arm normally in
open position and held there magnetically
by the holding-open force upon the energi-
zation of the winding, a pivoted member
moved by the operating winding, a spring,
means whereby the movement of said mem-
ber causes spring pressure to be applied to
the switch arm tending to move it to closed
position, and means for short circuiting
some of the holding-open flux after said
movement, said short circuiting means also
acting to hold the switch arm in closed po-
sition.

7. An electromagnetic switch comprising
a single operating winding and a magnetic
structure therefor having projecting por-
tions, a pivoted switch arm normally in
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open position having an armature in an air
gap between said portions and the main part
of the magnetic structure, the said winding
when energized setting up a magnetic force
in the air gap which tends to hold the switch
in open position and another magnetic force
which tends to close the switch, a pivoted
member moved by the operating winding to
bridge said projecting portions, and means
whereby the movement of said member
causes spring pressure to be applied to the
switch member tending to move it to closed
position, ,

8. An electromagnetic switch comprising

1,337,072

an operating winding and a magnetic struc-
ture therefor having projecting portions, a
pivoted switch arm normally in open posi-
tion between said portions, and a pivoted
member moved by the operating winding to
bridge said projecting portions in its at-
tracted position, said member in its attract-
ed position attracting the switch arm when
the switch arm is in its closed position so as
to magnetically hold the switch arm in the
closed position.

In witness whereof, I have hereunto set
my hand this 17th day of May, 1916.

LEONARD E. HUTT.
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