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My invention relates to electromagnetically op 
erated switches, and has for its object a simple, 
reliable and inexpensive switch which is free from 
the effects of severe mechanical shocks. 

in carrying out my invention, I counterbal 
ance the armature by means of a weight and 
position the armature in its unattracted position 
by spring means thereby to prevent rebound of 
the armature and closing of the switch in the 
event of a shock when the switch is open. In one 10 
form of my invention, I operate the switch by 
means of a plunger type armature and provide a 
weight connected to the armature through a lever 
for counterbalancing the armature, together with 
two opposed helical springs acting on the weight 
for biasing the armature to its unattracted posi 
tion and for positioning the armature in its un 
attracted position thereby to prevent the trans 
mission of shocks from the support to the weight. 
I also provide cooperating silver tipped flexible 

spring contact arms which maintain engagement 
with each other in the event of rebound of the 
armature and oscillate together without separa 
tion in the event of shock, together with rigid 
support means for limiting the oscillatory move 
ment of the spring contacts. 
For a more complete understanding of my in 

vention, reference should be had to the accom 
panying drawing, Fig. 1 of which is a front ele 
vation view of an electromagnetically operated 
switch embodying my invention; Fig. 2 is a side 
elevation view of the device shown in Fig. 1; Fig. 
3 is a sectional view taken along the line 3-3 of 
Fig. 2 looking in the direction of the arrows, while 
Fig. 4 is a fragmentary view showing the Switch 
in closed circuit position. 
In one form of my invention, I provide a Sup 

porting block made of electrically insulating 
material on which is mounted by suitable Screws 
2 a magnet 3 provided with an operating coil 
and a vertical movable plunger armature 5. 

For the purpose of counterbalancing the 
plunger armature, I provide a cylindrical Weight 
6 which is positioned loosely in a bore 6' in the 
insulating support in parallel relation with the 
armature 5. The weight 6 is mechanically con 
nected to the armature through a lever l having 
an intermediate stationary pivot 8 mounted on 
a projection on the lower end of the support . 
The connection of the lever 7 to the armature 
5 is made through an intermediate contact Sup 
porting member 9 made of electrically insulating 
material having its upper end Secured by a pivot 
0 to the lower end of the armature. A pivot 
f is provided on the lower end of the support 

5 

20 

25 

30 

35 

45 

50 

55 

2 
9 to which is secured one end of the lever 7, its 
opposite end being secured to the weight 6 by 
a pivot 2. Since the pivot 8 is substantially mid 
way between the pivots and 2, the weight 6 
has substantially the same weight as the weight 
of the armature 5, the support 9 and the contacts 
carried on it. 

Helical Springs 3 and 4 are provided for 
biasing the weight 6 to an uppermost position, 
as shown in the drawing, in which position the 
arnature 5 is in its lowermost unattracted posi 
tion. The two springs act in opposition to each 
other and surround the weight 6, their adjacent 
end bearing on a flange or collar 5 on the weight 
at Substantially its middle. 
The Spring 4 has its lower end resting on a 

flange at the lower end of the bore 7 and serves 
to bias the weight and armature to their unat 
tracted positions, as shown. The spring 3 serves 
as a back stop spring to render the weight shock 
proof. When the weight is in its unattracted 
position shown, the two springs apply substantial 
pressures in opposite directions to the flange 5, 
these pressures or forces being equal with the 
weight in the position shown so that the weight 
and armature are brought to rest in that position. 
In this upper position of the weight, its upper 
end is substantially spaced from the top cross 
member 6 extending over the bore T into engage 
ment with which the upper end of the spring 3 
rests. In other words, the two springs definitely 
position the weight in its upper position, as shown, 
while at the same time they support or position 
both the armature and the weight free from any 
rigid part of the base or support A. When the 
coil 4 is energized the armature moves upward 
until its head 5' engages the lower end of the 
core 3 and the weight is correspondingly moved 
downward, the spring 4 being compressed. 
The free or floating mounting of the weight is 

of particular importance when the weight and 
armature are in their unattracted positions, as 
shown. It will be observed that a downwardly 
directed shock applied to the support is ab 
Sorbed by the Spring 3, and therefore does not 
cause downward movement of the weight by rea 
Son of the rebound or billiard ball effect which 
would be present if the upper end of the weight 
were biased upward solidly against a portion of 
the Support , forming a stop, such as the plate 
6. For the same reason, the armature 5 is not 

affected by severe shocks when in its unattracted 
position shown because the armature, through its 
connection with the weight by means of the lever 
7, has the same float-free support through the 
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springs 3 and 4 as the weight itself. More 
over, because of the fact that the armature is 
counterbalanced by the weight, shocks trans 
mitted from the support through the pivot 8 
to the lever 7 do not produce movement of the 
armature relative to the magnet core 3. For the 
purpose of maintaining the switch contacts in 
engagement when the armature is in its attracted 
position in the event that the armature rebounds 
from the magnet core 3 from the effect of a shock 
I provide both stationary and movable contacts 
in the form of flexible spring arms or strips pro 
vided with silver contacts on their ends. The 
movable contacts are spring strips f, and 8 (Fig. 
1) which are clamped by a bolt 9 to opposing 
sides of the movable support 9 and have upper 
end portions bent outward away from the Sup 
port so as to extend nearly at 90° angles with the 
support and the direction of movement of the 
armature. Also, clamped to the support 9 by the 
bolt 9 on each side over the strips 7 and 8 
are stiff rigid support members 20 and 2 which 
extend outward from the support 9 in 90 degree 
relation therewith. It will be observed that the 
strips 7 and 8 have a substantial angular Spac 
ing with respect to the members 20 and 2 so that 
the strips can bend downward by the amount 
of this spacing angle. 
The purpose of the rigid supports 20 and 2 is 

to prevent such a wide angular movement of the 
strips 7 and 8 as would separate them from the 
similar stationary contact strips 22 and 23 which 
are mounted on the support and extend Sub 
stantially at right angles to the direction of 
movement of the armature. When the arma 
ture 5 is in its raised attracted position, the ends 
of the spring arms 7, 22 and 8, 23 engage each 
other to close electric circuits between them. The 
point of engagement between each pair of Spring 
contact arms occurs when the armature is an ap 
preciable distance from its attracted position So 
that the spring arms are bent by the final nove 
ment of the armature in closely spaced substan 
tially parallel relation with their respective rigid 
supports as shown in Fig. 4. 

It will be observed from the drawing that the 
contacts engage each other when the armature 
has moved upward somewhat less than one-half 
of its total upward movement to its attracted po 
sition. Thereafter during the completion of the 
upward movement of the armature the contacts 
are in engagement and the spring contact arms 
bend to provide for the movement of the arma 
ture. Therefore the contacts are in engagement 
during a substantial portion of the arnature 
movement, actually as shown during Over One 
half of the total movement of the armature. 
Moreover, the armature 5 has a large amount of 
movement relative to the length of the coil. As 
shown, the armature movement is over one-half 
of the length of the coil. 
The spring arms , f 8, 22 and 23 are arranged 

to flex back and forth in unison while maintain 
ing their engagement with each other upon the 
occurrence of a shock applied to the Support 
when the armature is in its attracted position. 
Therefore, a shock tending to move the arms 
and 8 downward relative to the support f, such 
as an upwardly directed shock, does not open the 
circuits between the pairs of contacts because the 
spring contact arms 22 and 23 are similarly af 
fected by the shock and follow the arms 7 and 
8. The stops 20 and 2 and the similar stops 
24 and 25 for the arms 22 and 23 Serve as back 
stops and limit the oscillatory movements of the 
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spring arms to amplitudes over which the contact 
between then is not broken, Moreover, this dou 
ble flexible contact arm or strip arrangement as 
Sures engagement between the contacts even 
though the armature is thrown a short distance 
downward from its attracted, position by billiard 
ball rebound effect from a downwardly directed 
shock. 
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 I therefore 
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. An electromagnetically operated switch 

comprising a stationary magnet core, a coil on 
Said core, an armature movable to an attracted 
position in engagement with said magnet core, a 
Support for Said magnet core, a first Spring con 
tact arm on said support extending substantially 
at right angles with the direction of movement 
of Said armature, a second spring contact arm on 
Said armature extending substantially at right 
angles With the direction of movement of said ar 
mature arranged to engage said first contact arm 
before Said armature reaches its attracted posi 
tion after which said contact arms yield during 
the final movement of said armature whereby 
Said contacts maintain an electrical engagement 
With each other in the event that said armature 
rebounds from Said magnet core during a shock 
while Said coil is energized, a plunger weight 
mounted for endwise movement in a direction 
Substantially parallel with the movement of said 
arnature, a lever connecting said weight to said 
arnature, a flange abutment on said weight in 
termediate its length, and two helical springs sur 
rounding Said weight having adjacent ends seated 
on Said flange and applying opposing forces to 
Said weight thereby to bias said weight and said 
arnature to predetermined unattracted positions 
in Spaced relation with said support so that said 
arnature is free from the rebound effect of shocks applied to said support. 

2. An electromagnetically operated switch 
comprising a stationary magnet core, a coil on 
Said core, an arnature movable to an attracted 
position in engagement with said magnet core, a 
Support for said magnet core, a first spring con 
tact arm on Said support extending substantially 
at right angles with the direction of movement 
of Said armature, a second spring contact arm on 
Said armature extending substantially at right 
angles with the direction of movement of said 
arnature arranged to engage said first contact 
arm before Said armature reaches its attracted 
position after which said contact arms yield dur 
ing the final movement of said armature whereby 
said contacts maintain an electrical engagement 
with each other in the event that said armature 
rebounds from Said magnet core during a shock 
while said coil is energized, a weight mounted for 
movement in a direction substantially parallel 
with the movement of said armature, a lever con 
necting said weight to said armature, and two 
Springs applying opposing forces to said weight 
thereby to bias said weight and said armature 
to predetermined unattracted positions in spaced 
relation with said support so that said armature 
is free when in its unattracted position from the 
rebound effect of shocks applied to said support. 

3. An electromagnet comprising a support, a 
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lever pivotally mounted intermediate its ends On 
said support, an armature pivotally mounted at 
One end of said lever for movement between at 
tracted and unattracted positions, a weight piv 
otally mounted at the other end of said lever for 
movement in a direction parallel with said arma 
ture, and two springs seated on said support and 
arranged to apply opposing forces to said weight 
thereby to bias said weight and Said armature to 
predetermined unattracted positions in spaced 
relation wtih said support whereby said armature 
and said weight are free from the rebound ef 
fects of shocks applied to said support. 

4. An electromagnet comprising a support, a 
plunger armature mounted for endwise move 
ment between attracted and unattracted posi 
tions, a plunger weight mounted for endwise 
movement in a direction parallel with said arma 
ture, a lever pivotally mounted intermediate its 
ends on said support and having opposite ends, a 
flange abutment on said weight intermediate its 
length, and two helical springs surrounding said 
weight having adjacent ends seated on said flange 
and opposite ends seated on said support and ar 
ranged to apply opposing forces to said weight 
thereby to bias said weight and Said armature to 
predetermined unattracted positions in Spaced 
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relation with said support so as to be free from 
the effects of shocks applied to said support. 

5. An electromagnet comprising a support, an 
armature and a counterbalancing weight mount 
ed in substantially balanced relation on said sup 
port for movement in substantially parallel 
spaced relation and two springs seated on said 
Support and arranged to apply opposing forces 
to said weight thereby to bias said weight and said 
armature to predetermined unattracted positions 
in spaced relation with said support so that said 
armature and said weight are free from the re 
bound effects of shocks applied to said support. 
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