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This invention pertains to electromagnetic relays and 
the like and has as its principal object the provision of 
novel self-adjusting spring means for relay armatures in 
accordance with which the characteristic of the spring 
force automatically conforms itself to a predetermined 
desired pattern as a function of the travel of displace 
ment of the armature. It is a further object to provide 
a sensitive manual adjustment for modifying the spring 
action pattern. 
The magnetic pull on a relay armature during the en 

tire range of travel thereof must normally be stronger 
than the effective force of whatever spring means is em 
ployed to maintain the armature in its intended normal, 
neutral, or non-operated position. By reason of the fact 
that the magnetic pull acts according to the square law 
and increases approximately as a square function as the 
air gap narrows down, the pull in the neutral position 
of the armature is small compared to the counteraction 
of the usual spring means commonly employed to nor 
malize armatures, while at the end of the armature travel 
this pull becomes stronger than the force of the spring 
in those cases, for example, where the characteristic 
of the spring follows a linear function. In such a case 
the pull-in is comparatively high. 

This pull-in is decreased substantially when the char 
acteristic of the armature spring is made to conform 
to the character of the magnetic pull acting on the arma~ 
ture. 

It is an object of this invention to change the spring 
constant conformably to the displacement of the arma 
ture from its starting or neutral position, for example, 
by provision of means including a spring which shortens 
its effective length to conform to the magnetic-force 
displacement curve required. 
An automatic shortening of the effective length of the 

spring during the armature travel can be realized by a 
spring bent with an arcuate curvature rolling off from 
a surface associated with the armature and having an 
end bearing upon a surface which is stationary relative to 
the armature. 

Additional objects and aspects of novelty and utility 
inherent in the invention will appear as the following 
description proceeds in view of the annexed drawing, in 
which: 

Fig. 1 is a schematic depiction of the invention 
applied to a polarized relay; and 

Fig. 1a is a graphical representation of the resultant 
spring action achieved by constructions according to the 
invention. 

Referring to Fig. l, the opposite ends of the core K 
for coil W are provided with heel pieces J1 and J2 
having pole pieces Q1 and Q2, the latter being set be 
tween the pole shoes A1, A2 of a permanent-magnet 
armature A mounted by suitable bearing means for 
pivotal movement about an axis a normal to the draw 
ing plane. The direction of magnetization of the perma 
nently-magnetized armature member A is shown by the 
arrows on the latter. The pole shoe A1 carries a ?at 
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piece A0 on opposite sides of which are positioned 
springs F1 and F2 respectively fastened at one end at 
said pole shoe A1. These springs are curved in a suit 
able manner, for example, circularly in opposite direc 
tions and set with their ends bearing on stationary coun 
terbearings G1 and G2. 

In order to adjust the armature easily and exactly 
in the neutral position shown with a certain spring ten 
sion, it is desirable to make the counterbearings sensi 
tively adjustable as shown in Fig. l for the counterbear 
ing G1. This counterbearing may be made by a rec 
tangularly bent loop of spring band material. One end 
of the spring band contacts diagonally the other end 
and can be adjusted, more or less downwardly, by a 
set screw st which penetrates the loop. By this action 
the end of the spring loop which engages the spring F1 
extends toward the latter and in?uences more or less the 
tension of this spring F1. Similar adjustment can be had 
for the counterbearing G2. 
The springs F1 and F2 are fastened at the piece A0 

at their lower ends only, and are curved in such manner 
that they stand away arcuately from their points of at 
tachment if there is no applied counter-tension. As 
shown in the illustrative example, the springs F1 and 
F2 are sprung by the counterbearings G1, G2 so much 
that their lower end portions contact the surfaces of 
the member A0 along the length of the latter as far as 
the point x. In this neutral position the resultant force 
of both springs upon the armature is equal to zero. 
By operating the relay on direct current in such man 

ner that a north pole is generated in the pole piece Q1 
and a south pole in the pole piece Q2, the armature A 
Will be rocked in a clockwise direction, as a result of 
which the magnetic pull P1 increases with the concurrent 
displacement of the armature nearly as a square function. 

In Fig. 1a the force P1 is shown as a function of the 
displacement f of the armature. By increasing the dis 
placement of the armature A and therefore of the at 
tached member AD, the effective length of the spring 
F2 decreases, and this shortening can be as much as 
indicated by the dotted line position thereof in Fig. 1 
wherein the effective length of the spring F2 is reduced 
to the extent that it is shorter than the piece A0 itself. 
On the other hand, the spring F1 extends itself more 

and more in this direction of armature movement. The 
resultant force P2 from both springs is also shown in 
Fig. In as a function of the displacement f of the arma 
ture. By corresponding con?guration of the springs F1 
and F2 with suitable dimensioning it is possible without 
difficulty to achieve a spring characteristic such as shown 
by the broken-line curve P2, which is similar to the 
force-displacement curve P1. Owing to the fact that the 
spring forces and the magnetic driving forces work 
against each other, curves P1, P2 appear as re?ected 
images of each other. The adjustment must be made 
in such a way that the magnetic driving force P1 is 
always a little greater than the spring force P2 in such 
manner that the resultant actuating force sk for a two 
position armature is con?gured as shown by the dot 
dash line. For a neutral-position armature, the force 
relations have to be reversed. 
By energizing the relay coil W with direct current of 

reversed polarity, the pole piece Q2 is transformed to a 
north pole and correspondingly the pole piece Q1 to a 
south pole, and the armature is then displaced in counter 
clockwise dircction, the spring F1 now acquiring the 
greater tension and the spring F2 becoming increasingly 
relaxed. 

I claim under priority of International Convention: 
1. A relay comprising a pivoted armature; an elon 

gated spring-backing member movable with said arma 
ture; a pair of spring ?ngers disposed on opposite sides 
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of said backing member and respectively ?xed at cor 
responding ends adjacent said armature with their re 
spective free ends projecting into space beyond the arma 
ture, at least; said ?ngers being curved in opposite direc 
'tions ‘away from each other and said backing member 
from said ?xed‘end thereby biased to predetermined 
normal positions with substantial portions thereof out 
'of contact with said backing member; and countcrbear 
ing means-positioned opposite to, and each respectively 
engaged by, one of said free ends of the spring ?ngers, 
the ‘latter acting-to dispose said armature in a prede 
‘term-ined normal position with substantially minimum 
spring force acting thereon, pivotal displacement of said 
armature ‘from said normal position causing one of said 
spring ?ngers to be ?exed toward and against said back 
ing member and the other thereof to ?ex away from the 
backing member, whereby to change the effective length 
and thereby the spring characteristic of the said ?ngers 
and the spring action thereof in predetermined desired 
relation to the vamount of displacement of the armature; 
together with electromagnet means for displacing the 
armature. 

2. A relay according to claim 1 and further char 
acterized in that said counterbearing means is adjustable 
in a direction toward and away from each other and said 
free ends of the respective spring ?ngers to modify the 
biased condition of either of the latter relative to said 
backing member. 

'3. A relay according to claim 1 in which said spring 
‘?ngers have spring parameters including curvature, 
length, and position in relation to the length and posi 
‘tion of said backing member and positioning of said 
counterbearing means, all affording a progressive re 
sultant spring characteristic which is self-adjusting as a 
function of the angular displacement of said armature. 

'4. ‘In a relay having an armature and electromagnetic 
means for attracting said armature according to 
a predetermined magnetic-foroe-displacement func 
tion, improvements comprising, to wit: spring means 
acting upon said armature to urge the same into a prede 
termined normal position from which the armature is 
displaced by energization of said electromagnetic means; 
said spring means including at least one spring member 
having attachment at one end to said armature and 
having another end engageable with a relative stationary 
counterbearing member, and means carried by said arma 
ture and engaged by said spring member responsive to 
displacement of the armature for changing the effective 
length, and spring action of said spring member accord 
ing to a pattern having a predetermined relationship 
to the magnetic-force-displacement function aforesaid. 

5. In an electromagnetic relay, a reversely rocking 
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armature; electromagnet means for rocking said armature, 
a pair of elongated springs each ?xed at the same end 
to move with said armature and having their remaining 
free end portions extending in the same direction away 
from the armature and the pivotal axis thereof in a direc 
tion normal to said axis, said free end portions of the 
springs being curved way from‘ each other and respective 
ly engaging a corresponding stationary bearing surface 
with ‘a force acting in the non-energized condition of said 
electromagnet means to maintain‘ said armature in a pre 
determined neutral rocking position,~said springs having 
a predetermined spring characteristic which changes by 
effective change in the length of said springs responsive 
to rocking movement of-the armature‘and ?exure of the 
springs accordingly’ relative to the appertaining stationary 
bearing surface. 

6. An electromagnetic relay of the spring-loaded arma 
ture type having spring means movable thereby with un 
attached end portions freely working against stationary 
means to change the effective spring length proportion 
ately, in response to ‘movement of the armature from a 
predetermined position, in such manner as to progres 
sively change the force-‘characteristic of the spring means 
to approximately match the changing magnetic-force 
travel characteristic of the armature at least during the 
movement of the latter as‘ the same‘ is electromagnetical 
ly displaced from said predetermined position. 

7. A relay according to claim 6 in which said spring 
means is a spring blade attached at one end to a pivoted 
armature to extend freely into space ‘radially away from 
the pivotal axis, and having an arcuate portion near 
its free end portion‘gliding on a surface ?xed in relation 
to said axis whereby to change the effective length of 
said spring conformably to the displacement of the arma 
ture as aforesaid. 

8. A relay according to claim 7 in which said relay 
is polarized and said armature has a neutral position de 
termined by two vsprings constructed and operating sub 
stantially as set forth but working oppositely in direction 
to each other to urge the armature into said neutral 
position. 
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