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My invention relates to differential control 
devices, more particularly to double coil elec 
tromagnetic differential relays, and has for its 
object a simple and reliable device having snap 
operation from one position to another. 
My invention has particular application to 

differential relays provided with two coils and 
with an armature pivotally movable from one po 
sition to another in response to the differential 
energization of the colls, 

in carrying out my invention in one form, I 
provide a three-legged core with a coil mounted 
for each of the two outside legs and an arma 
ture extending across the three legs and spring 
pressed against a flat face provided on the mid 
dle leg. Thus, when the coils are energized, the 
armature is held by magnetic attraction against 
the middle leg and upon a predetermined dif 
ferential energization of the coils is moved with 
a Snap action in each direction to an attracted 
position, and upon a decrease in the differential 
to a predetermined value the armature is moved 
to a neutral position or mid-position. 

For a more complete understanding of my 
invention, reference should be had to the accom 
panying drawing in which Fig. 1 is a side eleva 
tion view partly in section of a differential re 
lay embodying my invention; Fig. 2 is a sec 
tional view taken along the line 2-2 of Fig. 1 
icoking in the direction of the arrows; Fig. 3 
is a sectional view taken along the line e-3 of 
ig. looking in the direction of the arrows; 

Fig. 4 is an enlarged simplified view showing 
features of operation of the device; while Fig. 5 
is a simplified wiring diagram showing typical 
electric connections for the two coils. 

In carrying out my invention in one form, I 
girovide a ta'ee-legged core having cois 2 and 
3 mounted on the two outside legs 4 and 5. Ex 
fending across the three legs is a flat bar shaped 
armature 5 having on its opposite ends now 
able electric Switch contacts and 8 which co 
operate with stationary contacts 9 and 0. 

For the purpose of giving the armature 8 a. 
Snap action in moving pivotally from the unat 
tracted neutra position or mid-position shown 
in the drawing toward one or the other of the 
outside core legs 3 and , provide a fat bear 
ing Starface for the arnature on the middle core 
leg . This flat bearing surface is defined by 
a bar. 2 made of magnetic material which ex 
tentis' across the end of the middle core leg in 
a direction perpendicular with the plane of the 
three-legged core. The armature 6 has a middle 

ment with the lower flat side or surface of the 
bar 2 and is biased by a spring strip 3 to that 
position, as seen in Fig. 1, the movable &nd of 
the spring strip 3 engaging the armature at 

3 the center of the armature. 
As shown in Fig. , the armature 8 as held by 

the spring 3 against the flat lower side of the 
bar 2 is at each end in equally spaced relation 
with the ends of the core legs and 5, this posi 

10 tion of the armature being an intermediate un 
attracted position. During the operation of the 
device, it is contemplated that the coils 2 and 3 
will both be energized and operation of the arma 
ture by magnetic attraction toward one or the 

ld other of the pole faces formed by the ends of 
the legs 4 and 5 will be obtained by increasing 
relatively the excitation of the coil toward which 
the armature is to be attracted. 
When the two coils are energized, it will be 

0 observed that the middle portion of the arma 
ture is pulled by magnetic attraction against the 
flat face of the bar 2, which magnetic force, 
in addition to the force applied by the Spring 
f3, opposes pivotal movement of the armature 
toward either one of the core legs 4 and 5. This 
magnetic attractive force is effective in giving 
the armature a snap action. Thus, the net mag 
netic force applied to one end of the artnature 
6 is increased by increasing relatively the ener 

30 gization of the particular-coil 2 or 3 until finally 
the magnetic holding force of the middle leg 
and the force of the spring are overcoEne. How 
ever, when the arnature 6 starts to move and is 
pulled away from the bar 2, the magnetic force 

35 between the bar and the armature decreases very 
rapidly while magnetic force applied to the end 
of the bar moving toward its attracted position 
increases rapidly this providing a Srap action 
in the movement of the arriature. 

40. As seen in Fig. 4, the armature has been 
moved counterclockwise by the coil to an at 
tracted position with respect to the core leg 5 
with the contact 8 in engagement with the con 
tact 8. It will be observed that when the 

45 armature starts to move, it pivots about one 
or the other of the spaced-apart knife-edge bear 
ings formed by the lower edges of the bas 2. 
As shown, in moving counterclockwise, the 3rra 
ture pivots on the right-hand lower edge 4. 

50 Another feature of the device is that when the 
differential excitation is decreased to a prede 
termined value the armature is snapped by the 
spring back to the mid-position or unattracted 
position shown in the drawing without Snapping 

portion provided with a flat surface in engage-55 through the neutral position to the other at 
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tracted position. Thus, a definite neutral posi 
tion is provided by the flat bar 2. 
The magnetic attraction between the bar 2 

and the armature is not indispensable to snap 
action. The coils may be connected so as to 
give little if any flux in the middle leg or the 
middle leg could be non-magnetic for Some ap 
plications. 

In Fig. 5, I have shown simplified electric con 
nections for the control of the coils 2 and 3. One 
terminal of each of the coils 2 and 3 is connected 
to the same side of a direct current supply source 
f5, while the other two terminals of the coils are 
connected to each other through a control resis 
tance 6. The connection of the coils are such 
that the magnetic flux flows in the same direction 
in the two outer legs with respect to the middle 
leg, i. e. toward or away from the respective ends 
of the armature. A movable contact arm co 
operating with this resistance is connected to the 
other side of the supply source 5. This contact 
arm is suitably turned, as by a shaft 8 driven 
from a control device or instrument, whereby the 
relative energizations of the coils are changed. 
When the contact arm 7 is in its central position 
on the resistance f6, as shown in Fig. 5, the cur 
rents in the two coils are equal to each other and 
the armature then stands in its normal lunat 
tracted position, as shown in Fig. 1. The relay 
may be used to control, for example, an electric 
notor or operating device to move an object in 
accordance with the movement applied to the 
shaft 8. 

Referring to details of construction of the 
device, a base member 9 is provided made of 
electrically insulating material, such as a molded 
plastic material. The core is secured to this 
base by means of two straps 20 and 2 secured by 
bolts on opposite sides of the middle core leg and 
having their lower ends bent outward and secured 
by the screws 22 and 23 to projections 24 and 25 
on the upper surface of the support. 9. The bar 
2 is positioned between the lower ends of the 

straps 20 and 2 and the projection so as to be 
secured in place by the screws 22 and 23. 
The stationary contacts 9 and 0 are mounted 

on Spring strips 26 and 2 made of electrically 
conducting material, one end of each of the strips 
being secured by a suitable screw to a projection 
on the upper side of the support 9. With pare 
ticular reference to the strip 26, a depression is 
provided in each of the two abutments or projeca 
tions 28 and 29 for opposite ends of the strip, the 
upper end as viewed in Fig. 3 being secured by 
a screw 30. 
At its upper end the bar 2 f is bent over laterally 

to form a support for an enclosing cover 3. Also 
mounted on the support 9 are electric terminals 
2 for the coil. 2 and terminals 33 for the coil 8. 
Terminals are also provided on the heads of the 
screw 30 and the screw 34 securing the strip 27. 
Also, the head of the screw 2 is provided with a 
terminal whereby an electric connection can be 
made with the armature 6 and the movable co 
tacts and 8. 
Another feature of my invention is that the 

differential current required for operation of the 
arrnature increases with the sum of the currents 
in the coils. In other words, with high current 
values in the coils, a greater differential current 
is required for operation of the armature. This 
is because the increased total current gives in 
creased magnetic holding effect between the bar 
2 and the armature. 

O 

.. 

30 

4. 
is provided below the armature for securing the 
armature in the relative position shown in the 
drawing. This member 25 is stamped from a 
sheet of thin spring material, such as phosphor 
bronze. It is provided with a central portion of 
substantially the same over-all outline as the bar 
2 with an aperture at each end through which 

the clamping screws 22 and 23 extend. Metal 
spacer members 38 and 3 having the same thick 
ness as the armature are provided between the 
member 35 and the bar 2. Also, in this central 
transverse portion an aperture 38 is provided 
through which extends the end of the spring 
into engagement with the armature. The spring 
f3 is secured at its opposite end to the base men 
ber 9 as by suitable rivets. 
The spring member 35 also has two portions 9 

and 40 extending lengthwise with respect to the 
armature and having their ends secured as by 
spot welded connections 4 and 42 to the arma 
ture. Thus, it will be observed that the spring 
member 35 secures the armature against movea 
ment in its own plane, although the member is 
made of thin flexible material and, therefore, does not offer any appreciable spring opposition 
to pivotal movement of the armature. 
While I have shown a particular embodiment 

of my invention, it will be understood, of course, 
that I do not wish to be limited thereto since 
many modifications may be made, and , there 
fore, contemplate by the appended claims to cover 
any such modifications as fall within the true 
spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A differential control device comprising a 

magnet core provided with at least two legs, a 
coll On each of said core legs, a support between 
said core legs provided with Spaced-apart knife 
edge bearings, an armature extending across the 
ends of said core legs, a spring biasing said ar 
mature against said bearings in an intermediate 
unattracted position with each end of said ar 
mature in spaced unattracted relation with the 
end of the adjacent core leg, and electric circuit 
connections for energizing said coils differentially 
thereby to produce snap pivotal movement of 
said armature on one or the other of said bear 
ings toward one or the other of said core legs, 
upon predetermined differential energization of 
said coil, said spring being constructed and ar 
ranged to secure said armature in said interme 
diate unattracted position when said differential 
energization is reduced thereby to produce reverse 
Snap movement of said armature away from One 
of Said core legs. 

2. A differential control device comprising an 
E-shaped magnet core, a coil on each of the two 
outside legs of said core, spaced-apart knife-edge 

3 

bearings on the end of the middle core leg, an 
armature extending across the ends of said core 
legs, a spring biasing said armature against said 
knife-edge bearings with each end of said arma 
ture in spaced unattracted relation with the end 
of the adjacent outside core leg, electric circuit 
connections for energizing said coils substantially 
equally whereby said armature is held magnet 

go 

ically against said bearings, and means for vary 
ing the energization of said coil differentially 
thereby to produce snap movement of said arma 
ture on one or the other of Said bearings toward 
one or the other of said outside core legs, said 
spring and the magnetic force between said ar 
mature and said middle core leg being arranged 

Referring to Fig. 3, a spring sheet member 3 75 to secure said armature against said bearings 

  



2,480,994 

when said differential energization is reduced to 
produce reverse snap movement of Said arma 
ture away from one of said outside legs. 

3. A differential control device comprising an 
E-shaped magnet core, a coil on each of the two 
outside legs of said core, said middle core leg 
being provided with a flat surface on its end, an 
armature provided with a central flat surface ex 
tending acroSS Said core legs, a spring biasing 
said armature against said middle core leg with 
said flat surfaces in engagement with each other 
and with each end of said armature in spaced un 
attracted relation with the end of the adjacent 
outside core leg, electric circuit connections for 
energizing said coils substantially equally where 
by said armature is held magnetically against the 
middle core leg, and means for varying the ener 
gization of said coil differentially thereby to pro 
duce snap pivotal movement of said armature on 
One edge of said middle core leg toward one or 
the other of said outside core legs, said spring 
and the magnetic force of the middle core leg be 
ing arranged to secure said armature with said flat 
surfaces in engagement with each other when 
said differential energization is reduced to pro 
duce reverse Snap pivotal movement of said ar 
mature away from one of said outside core legs. 

4. A differential control device comprising an 
E-shaped magnet core, a coil on each of the two 
outside legs of said core, a bar on the end of the 
middle core leg provided with a flat surface, an 
armature provided with a central flat surface ex 

... tending across said core legs, a spring biasing said 

O 

s 

arnature against said bar with said flat surfaces 
in engagement with each other and with each end 
of said armature in Spaced unattracted relation 
with the end of the adjacent outside core leg, elec 
tric circuit connections for energizing said coils 
substantially equally whereby said armature is 
held magnetically against said bar, and means for 
varying the energization of said coil differentially 
thereby to produce Snap movement of said arma 
ture on one edge or the other of said bar toward 
one or the other of said outside core legs, said 
Spring and the magnetic force of said middle core 
leg being arranged to secure said armature in an 
intermediate position against said bar when said 
differential energization is reduced a predeter 
mined amount to produce Snap movement away 
from one of said outside core legs, 

HUGH M. OGLE. 
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