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My invention relates to improvements in electromagnets, and more particularly to 
improvements in electromagnets for elec 
troresponsive devices, such as protective re 

5 lays, whereby desired changes in the opera 
tion of the device, such as the relation be 
tween the currents necessary to attract and 
release an electromagnetically actuated mem 
ber and the value of the current necessary 

10 to ???tact the member, are greatly facili 
tated. 
My invention will be better understood 

from the following description taken in con 
nection with the accompanying drawing, 
and its scope will be pointed out in the 
appended claims. O In the accompanying drawing, Fig. 1 ill 
lustrates in a sectional view an electro 
magnet embodying my invention, and Fig. 2 
is a view of the armature shown in Fig. 1, 
looking upward, certain parts being omitted 
for clearness. 
In time element relays, haying a time 

limit device whose operation is initiated and 
' controlled by the movement of an electro 

magnetically actuated member, such as an 
armature, in response to a predetermined 
condition, for example, currents twenty-five 
per cent in excess of normal, no harm is 
done if this excess current does not last too 
long, but, even though it lasts for less than 
the dangerous period, and returns to normal, 
unless the armature is released promptly 
so as to stop the timing, an unnecessary cir 
cuit interruption may occur. In the appli 
cation of electromagnets to relays, it is, 
therefore, very desirable, not only for ad 
justment, but also for assembling and test- p 
ing, to be able readily to control the rela tion between the currents that will attract 
and release the armature, and also to con 
trol the value of the current necessary to 
attract the armature. 

In accordance with my invention, I pro 
vide an electromagnet comprising an ener 
gizing winding 3 and relatively fixed and 
movable cooperating magnetic elements 4 
and 5, respectively. The fixed magnetic ele 
ment 4 is shown as the yoke, or body of the magnet, and is provided with an adjustably 
mounted hollow pole piece 6. The movable 
magnetic element 5 is shown as the arma 

45 

ture. This comprises a plurality of mag 
netic members 5, 7 and 8, which are adapted 
for relative movement so as to permit 
changes in the shape of the armature. The 
main or body portion 5 of the armature 
may be of hollow cylindrical form. For in 
creasing the value of the current at which 
the armature is released, that is to say, in creasing the drop-out point, the lower part 
of the armature portion 5 may be arranged 
to have a diminishing cross-section so as to 
increase the reluctance of the magnetic cir 
cuit as the armature moves to the attracted 
position. This may be done by cutting away 
portions of the armature as indicated in 
Fig. 2, so that it has somewhat the shape 
of the frustrum of a pyramid, cylindrical 
portions 9 being left for alining the arma 
ture in its movement through the non-mag 
netic guide ring 10 which is mounted in a 
non-magnetic bushing 11. 
In order to maintain the parts 5, 7 and 

8 of the armature in any given position, 
and yet be able to change the shape of the 
armature so as to change the operating 
characteristic of the electromagnet, the 
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parts 5, 7 and 8 are secured together as a 
unit by means permitting relative move 
ment and comprising an actuating member 
such as a non-magnetic rod 12 and a join 
ing member such as a hollow member or 
tube 13, which is preferably non-magnetic. 
In order to be able to change the amount 
of current necessary to attract the armature, 
that is, the pick-up point, there is secured 
to one end of the tube 13 the magnetic mem 
ber 7, and the tube passes through the body 
ortion 5 of the armature freely at the up 

per end, while the lower end is threaded 
into the base of the portion 5. Conseqently, 
by changing the position of the armature 
portion 5 relatively to the tube 13, the gap 
between the portions 5 and 7 can be varied 
so as to change the reluctance of the cir 
cuit. Suitable means, such as a lock nut 14, 
may be provided to prevent relative move 
ment of the armature 5 and tube 13 when 
positioned as desired. 
The actuating rod 12 may be connected at its upper end, which passes through a guide 

plate 15, to a contact ??????: nism, a timing mechanism, or the like. Se 
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cured to the rod 12 is the magnetic member 
8, whose position relatively to the magnetic 
member 7 may be varied so as to change 
the shape of the armature pole piece which 
cooperates with the pole piece 6. In order 
to change the relative position of the mem 
bers 7 and 8, so as to vary the ratio between 
the currents at which the armature will be 
attracted and released, the actuating rod 12 
extends through the magnetic member 7 and 
the tube 13 into the lower end of which 
it is threaded. Suitable means, such as a 
lock nut 16, may be provided to prevent 
relative movement of the tube 13 and the 
rod 12, that is to say, the magnetic members 
7 and 8, when positioned as desired. 
The magnetic members 7 and 8, which 

from the armature pole piece, may be ar 
ranged to slide one within the other, and 
their shapes may be, as illustrated, in part 
cylindrical and in part frusto-conical. 
Consequently, as they are moved relatively 
to each other, their effective composite shape 
may be varied considerably from a com 
paratively blunt-nosed pole piece to one that is relatively pointed or sharp. 
The effect of the magnetic member or pole 
? tip 8 is to add to the initial attractive 
orce, but when the armature reaches a cer 

tain position, the pull, due to the flux, be 
tween the tip 8 #? the stationary pole piece 
6 into which it projects, becomes substan 
itally zero, so that the increased effect of the 
tip is eliminated. Obviously, the farther 
the tip 8 projects from the member 7, that 
is, the sharper the general contour of the 
armature pole piece, the greater the initial 
attractive force, but the quicker the effect 
of the tip becomes substantially zero. By 
varying the shape of the armature pole piece 
in this way, the relation between the pick-up 
and drop-out current values may be readily 
varied. Moreover, the value of current 
necessary to pick up the armature may 
be varied by changing the relative po 
sition of the armature 5 and the mag 
netic member 7 as heretofore described. 
Since all these changes can be made by 
merely working on the parts at the lower 
end of the magnet, it is unnecessary to take 
the electromagnet apart or disconnect the 
rod 12 from the mechanism it controls. Fa cility in controlling the characteristic of the 
electromagnet for different predetermined 
operating conditions is o 
While I have shown and described my in 

vention in considerable detail, I do not de 
sire to be limited to the exact arrangement 
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ing, a pole piece, an armature, and means 
carried by the armature for varying the 
ratio between the currents in said winding 
at which the armature will be attracted to 
and released from said pole piece, and com 
prising a cooperating pole piece having a 
plurality of magnetic members arranged for 
relative movement whereby the shape of the 
pole piece can be varied in accordance with 
the relative position of the members. . 2. An electromagnet comprising a wind 
ing, a pole piece, an armature and means 
carried by the armature for varying the 
ratio between the currents in said winding 
at which the armature will be attracted to 
and released from said pole piece, and com prising a cooperating pole piece having a 
plurality of magnetic members arranged for 
relative movement whereby the shape of the 
pole piece can be varied in accordance with 
the relative position of the members, said 
cooperating pole piece and said armature 
being relatively movable whereby the posi 
tion of one relatively to the other can be 
changed to vary the value of the current 
necessary in said winding to attract the ar 
mature. 

3. An electromagnet comprising an ener 
gizing, winding, a polepiece, an armatre 
comprising a body portion and means for 
varying the ratio between the currents in 
said winding at which the armature will be 
attracted to and released from said pole piece comprising a cooperating pole piece 
having a plurality of magnetic members 
arranged for relative movement, whereby 
the shape of the cooperating pole piece can 
be varied in accordance with the relative 
position of the members, and means for vary ing the position of said cooperating pole 
piece relatively to the body portion of the 
armature whereby to vary the value of the 
current necessary in said winding to attract 
th ??????? l . An electromagnet comprising relative fixed and movable E. Eg 
acterized by the fact that one of said ele 
ments is provided with a pole piece compris 
ing a plurality of magnetic members adapted 
to have their relative positions varied where 
by to change the shape of the pole piece. 

5. An ???????t: comprising an ener gizing winding and an armature comprising 
8, ???ity of magnetic members adapted for 
relative movement whereby to permit 
changes in the shape of the armature. 

6. An electromagnet comprising a wind 
ing, a pole piece and an armature, and means shown, but, seek to cover in the appended for varying the relation between the currents 

claims all those modifications that fall with- in said winding at which the armature will ? the true spirit and scope of my inven 
O. 

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

1. An electromagnet comprising a wind 

be attracted to and released from said pole ?? comprising a cooperating pole piece 
aving a plurality of magnetic members ar 

ranged for relative movement whereby the 
shape of the cooperating pole piece can be 
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varied in accordance with the relative po 
sitions of the members. 

7. An electromagnet comprising a wind 
ing, an armature, and means for varying the 
relation between the currents in said wind 
ing at which the armature will be attracted 
and released comprising a pole piece having 

a plurality of magnetic members arranged 
for relative movement whereby the shape of 
the pole piece can be varied in accordance 10 
with the relative position of the members. 

In witness whereof, I have hereunto set my 
hand this 12th ? of February, 1926. 

ROLD W. BROWN. 


