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To all whom, it may concern: 
Be it known that I, ARTHUR SIMON, a 

citizen of the United States, residing at 
Milwaukee, in the county of Milwaukee and 
State of Wisconsin, have invented new and 
useful Improvements in Electromagnets 
and Solenoids, of which the following is a 
full, clear, concise, and exact description, 
reference being had to the accompanyin 
drawing, forming a part of this specifica 
tion. - 
My invention relates to improvements in 

electromagnets, or solenoids. . 
It is the principal object of my invention 

to provide an electromagnet, or Solenoid 
which will automatically reduce the amount 
of current flowing through its energizing 
winding after the same has responded, but 
not until the plunger, or movable armature 
thereof, has reached the full limit of its 
stroke. 

Various other objects and advantages of 
my invention will hereinafter be clearly and 
fully set forth. 

In order to more fully disclose the nature 
and characteristic features of my invention, 
I shall describe the device illustrated in the 
accompanying drawing which embodies my 
invention in one form. It should be under 
stood, however, that my invention is sus 
ceptible of various modifications and is not 
limited to the particular embodiment there 
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of illustrated in the drawing. 
In the accompanying drawing, Figure 1 

illustrates a solenoid operated Switch em 
bodying my invention in its preferred form, 
the solenoid winding and the stationary plug 
thereof being shown in section, and Fig. 2 
is a view of the auxiliary switch and its co 
operating contacts illustrating a modifica 
tion of my invention. 
The device illustrated in Fig. i comprises 

essentially a magnet frame 3, in which is 
mounted an electromagnetic winding 4. 
Within the winding 4 is arranged a longi 
tudinal plunger 5 arranged to engage and 
seal with a stationary plug 6 suitably Se 
cured to the magnet frame and projecting 
into the upper end of the solenoid winding. 
Of course, the solenoids may be used for 
various different purposes. As illustrated, 
the plunger thereof is provided with a tail 

A 

rod 7 upon which is mounted a switch mem 
ber 8 adapted, when the solenoid is ener 
gized, to be moved into an engagement with 
the stationary contacts 9 and 10. Arranged 
above the solenoid is an auxiliary Switch 12 
having a stem 13, of magnetic material, 
projecting into the stationary plug 6, which 
is made tubular to receive the same. The 
auxiliary switch 12 is provided with sta 
tionary contacts 14 and 15 and is normally 
held in engagement therewith by the coil 
spring 16 surrounding the stem 13 thereof, 
and bearing against the stationary plug 6. 
In the present instance, the auxiliary switch 
is arranged to control a resistance 18, which 
is short-circuited thereby when said auxil 
iary switch engages its stationary contacts. 

Before describing the operation and func 
tions of the switch illustrated in the draw 
ing, I desire to briefly discuss the condi 
tions existing in the switch heretofore de 
signed to automatically reduce the amount 
of current flowing through the same. Where 
it has been desired to accomplish this re 
sult, it has been customary to provide a 
solenoid with an auxiliary switch arranged 
to control a resistance similar to the resist 
ance 18 which, as will hereinafter be de 
scribed, is arranged to be connected in series 
with the solenoid winding. Heretofore, 
however, it has been customary to operate 
the auxiliary switch mechanically as the 
plunger of the solenoid approaches the limit 
of its movement. Ordinarily the auxiliary 
Switch has been arranged to be operated by 
the plunger itself. Thus in order to secure 
operation of the auxiliary switch it has been 
necessary to so adjust the same that it will 
be operated just prior to the sealing of the 
plunger with the stationary plug. Hence, 
the protective resistance has necessarily been 
inserted in circuit with the solenoid wind 
ing before its plunger has actually sealed 
with the stationary core. Ordinarily the 
protective resistance is only required where 
over excitation is required to operate the 
solenoid plunger owing to its load. Hence, 
if the protecting resistance is inserted in 
series with the solenoid winding before the 
plunger has firmly sealed with the station 
airy plug, either the plunger will not be at 
tracted to the full extent of its movement, 

55 . 

60 

65 

70 

75 

80 

85 

90 

95 

100 

  



or else it will only be finally sealed with the 
stationary plug after objectionable vibrat 
ing, or telegraphing thereof. This vibrat 
ing, or telegraphing is due to the premature 
reduction in the magnetic attraction by the 
insertion of the protective resistance. 
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It is to avoid the decrease of the magnetic 
pull of the solenoid, before the plunger is 
moved to its full extent, that my invention is 
particularly aimed. I shall now describe 
the operation of the switch illustrated in 
the drawing to show that the same will ac 
complish this result. 

Let it be assumed that current is supplied 
to the solenoid winding 4 from supply lines 
20 and 21, the circuit of said solenoid wind 
ing being controlled at will by a control 
switch 21. With the parts in the position 
illustrated, upon closure of switch 21, the 
circuit is closed as follows: From main line 
20, through switch 21, by conductor 22, 
through auxiliary switch 12, by conductor 
23, through the solenoid winding 4 to con 
ductor 21. The solenoid winding is there 
upon energized tending to draw its plunger 
upwardly. The spring 16 is so adjusted as 
to prevent the magnetic attraction of the 
auxiliary switch until the solenoid plunger 
5 has sealed with the stationary plug. 6. 
This is n2de possible by fact, that dur 
ing the movement of the solenoid plunger, 
the energizing current and consequently the 
magnetism is maintained below normal 
value due to self-inductance and only 
reaches inaximum strength when the plun 
ger seais with the stationary core. While 
the magnetism of the Solenoid remains be 
low normal, only a comparatively few mag 
inetic lines of force stray through the stem 
of the auxiliary Switch with the result that 
the spring 6 will overcome the slight mag 
netic pull thus exerted upon the auxiliary 
Switch. When, however, the plunger seals 
with the stationary plug the current and 
the magnetism rise to the maximum strength 
thereby saturating the plug with magnetic 
ins of force, a sufficient number of said 
ines of force now passing through the stem 
of the auxiliary switch to attract the same 
against the opposition of the Spring 6. in 
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other words, the stem of the auxiliary Switch 
in effect forms an auxiliary plunger for the 
solenoid winding, which owing to the ar 
rangement thereof in the stationary plug 
and further owing to the resistance of the 
spring 16, will not be attracted until the 
main plunger 5 has been moved to its full 
extent, thereby sealing with the stationary 
plug 6. As soon as the auxiliary switch 12 
is drawn away from its stationary contacts, 
the protective resistance 18 is inserted in Se 
ries with the solenoid winding, thereby re 
ducing the flow of current through said 
winding to a safe value. However, even 
with the resistance 18 in circuit, a sufficient 
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amount of current is allowed to pass 
through the solenid winding to maintain 
the plunger 5 in raised position. The aux 
iliary switch will be maintained in its re 
tracted position until the solenoid winding 
is deÉnergized, whereupon the spring 16 will 
again move the same into engagement with 
its stationary contacts. 

In Fig. 2, the stationary contact 15 of the 
auxiliary switch is connected to conductor 
22, through a coil 25 surrounding said con 

Likewise the contact 14 of the aux 
iliary switch is connected to conductor 28, 
through a coil 26 similar to the coil 25. The 
coils 25 and 26 perform a twofold function. 
In the first place, they create a magnetic 
flux which tends to magnetically hold the 
auxiliary switch 12 in engagement with the 
contacts 14 and 15. Of course, this Inag 
netic attraction of the auxiliary Switch op 
poses the pull of the Solenoid winding 4 and, 
therefore, must be taken into account in 
adjusting the spring 16, to insure the mag 
netic attraction of the solenoid 4 overcoming 
the combined opposition of the Spring and 
the imagnetic attraction of the coils 25 and 
26, at the proper time. The auxiliary Switch 
being magnetically attracted to the contacts 
14 and 15 will, when finally attracted by the 
solenoid vinding 4., leave said contacts with 
a snap action, thereby giving a quick break. 
of the short-circuit around the resistance i8. 
Secondly, the coils 25 and 26 will create a magnetic flux which will extingush any arcs 
drawn between the auxiliary switch and the 
stationary contacts upon separation thereof. 
As before set forth, my invention is sus 

ceptible to various modifications and there 
fore, the structure illustrated and hereto 
fore described should not be considered as 
limiting the scope of my invention, 
Having thus described my invention, what 

R claim as new and desire to secure by Let 
ters Patent, is: 1. A solenoid having a main plunger and 
an auxiliary plunger, the latter being at 
tracted only after a predetermined nove 
ment, of the former and controlling means 
for said soleynoid actuated by said auxiliary 
plunger. 

2. The combination with an electromagnet. 
having a stationary pole piece and a nov 
able magnetically attracted part, adapted to 
seal with said pole piece, of a switch having 
a magnetic portion projecting into Said pole 
piece and arranged to be electromagnetically 
moved to operate said Switch to reduce he 
flow of current, through. Said electronagne, 
and means for preventing operation of said 
auxiliary switch until said movable inag 
netically attracted part has sealed with said 
pole piece. 

3. The combination with a solenoid hav 
ing a stationary core and a movable plunger 
arranged to seal with said core, of an auxil 
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iary switch having a magnetic portion pro 
jecting into Said core and forming an auxil 
iary plunger for said solenoid, said auxiliary 
plunger being adapted to be attracted after 
said first mentioned plunger has sealed with 
said stationary core to operate said switch 
to reduce the flow of current through the 
Solenoid winding. 

4. The combination with a solenoid hav 
ing a stationary core and movable plunger 
arranged to seal with said core, of a switch 
having a magnetic portion projecting into 
said core and forming an auxiliary plunger 
for said solenoid, said switch being adapted 
when operated to reduce the flow of current 
through the solenoid winding, and means 
for preventing the attraction of said switch 
until said plunger has sealed with said sta 
tionary core. 

5. The combination with a solenoid hav 
ing a stationary core and movable plunger 
arranged to seal with said core, of a switch 
having a magnetic portion projecting into 
said core and forming an auxiliary plunger 
for said solenoid, said Switch being adapted 
when operated to reduce the flow of current 
through the Solenoid winding, and a sprin 
interposed between said switch and 
stationary core for preventing the attraction 

B 

thereof by Said solenoid until said plunger 
has sealed with said stationary core. 

6. The combination with an electromagnet 
having a movably magnetically attracted 
part, of a Switch adapted to be magnetically 
attracted by said magnet to reduce the flow 
of current therefrom after the movable mag 
netically attracted part has reached the full 
limit of its movement, an electromagnetic 
means tending to hold said switch in engage 
hment with its stationary contacts. 

7. The combination with an electromagnet 
having a movable magnetically attracted 
part, of a switch adapted to be magnetically 
attracted by said magnet to reduce the flow 
of current therethrough, after the movable 
magnetically attracted part has reached the 
full limit of its movement, and electromag 
netic windings provided with pole pieces 
forming the stationary contacts of said 
switch. 

In witness whereof, I have hereunto sub 
scribed my name in the presence of two wit 

SSS. 

ARTHUR SIMON. 
Witnesses: 

FRANK H. HuBBARD, 
GEORGE HAYNES. 
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