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1. 
My invention relates to electromagnets, more 

particularly to electromagnets for operating 
Switches or contactors having pivoted armatures, 
a.ind has for its object a simple, reliable and inex 
pensive pivot mounting for the armature. 
More Specifically, my invention relates to a 

pivotal bearing for the armature which does not 
have any sliding movement between the engag 
ing bearing surfaces while these surfaces are 
Secured together against displacement with re 
Spect to each other. 
In Carrying out my invention in one form I 

pivotally mount the armature on a knife-edge 
bearing member and provide the armature, or 
a Supporting member attached to the armature, 
With V-shaped notches in its opposite sides and 
laterally displaced with respect to each other 
With the bottom bearing portions of the notches 
or apices of the W's in alignment with each other 
and forming a pivot axis for the armature. 
thus one or nore of these notches is disposed 
On the knife-edge supporting bearing while a pair 
Cf knife-edge supporting bearings, which may 
be Spring members, are disposed in the V-shaped 
slots on the opposite side and hold or press the 
arinature on the knife-edge supporting bear 
ing. By rea,Son of the fact that the bearing 
points of the knife-edge supporting bearing and 
of the Spring bearing members are in alignment 
With each other, the forces exerted by the springs 
do not impede the free pivotal movement of the 
arnature member or supply any bias to the 
arnature member. 

I also provide magnetic holding means for op 
posing initial movement of the armature to its 
attracted 33sition thereby to prevent movement 
of the air,8ture when the supply of excitation 
applied to the operating coil is too low to move 
the arnatire to its fully attracted position and 
wipe the triovable contact into its fully closed 
position. It will be understood that the initial 
attractive force applied to the armature when 
the coil is energized is relatively low and in 
Crea.SeS as the 3rrnature moves toward its at 
tracted position. Likewise the force required to 
move the armature is ordinarily relatively low at 
the beginning of its movement but increases sui 
denly to a relatively high value When the mov 
able contact engages the stationary contact. 
This a very low voltage may be STufficient to 
nove the arnature to this contact engaging posi 
tion but insufficient to complete the closing 
movement. This results in poor contact condi 
tions and Welding together of the contacts. I 
provide a magnetic shunt which applies a re 
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straining force to the armature so as to prevent 
initial movement of the arnature except. When 
the voltage is high enough to complete the clos 
ing movement, this restraining force, however, 
dropping to zero very soon after the beginning 
of the armature movement. This magnetic shunt 
feature of my invention is covered by my divi 
Sional application Serial No. 517,422, filed Janu 
ary 7, 1944. 
For a more coinplete understanding of my 

invention, reference should be had to the ac 
companying drawing in Which Fig. 1 is a Side ele 
vation view partly in section of a contactor em 
bodying my invention showing the armature in 
its open circuit position; Fig. 2 is a view similar 
to Fig. 1 but showing the armature in its cir 
cuit closed position; Fig. 3 is a sectional view 
taken along the line 3-3 of Fig. 1 looking in 
the direction of the arrows; Fig. 4 is a view in 
perspective of the various parts forming the pivot 
mounting for the armature; while Fig. 5 is a 
fragmentary perspective view showing details of 
Construction. 

Referring to the drawing, I have shown my 
invention in one form as applied to an L-shaped 
arnature member 2 carrying a movable contact 

and operated to its circuit closed attracted 
position by a suitable operating coil 2. The 
coil f2 is provided with a core member 3 ex 
tending through it and Secured as by a screw 
E 4 at its right-hand end, as seen in the draw. 
ing, to an ill-shaped core member 5. This core 
member f5, which as shown is a solid unlami 
nated piece of magnet core iron, extends upward 
from the central core member 3 and then Sub 
Stantially at right angles in parallel relation with 
the coil. So that its left-hand end is Substan 
tially in the Sane plane as the end of the core 3. 

For pivotally mounting the armature on the 
end of the core member 5 a bar 6 is mounted 
on the upper side of the core member 5 at its 
left-hand end and suitably secured to the core 
member as by screws . As shown, the core 
member is cut away somewhat, as indicated at 
8, to form a seat for the bar 5. Also, the left 
hand edge or side of the bar projects at 9 some 
what beyond the end of the core member. This 
bar 6, as shown rost clearly in Fig. 4, provides 
by its upper left-hand edge 20 a knife-edge pivot 
bearing for the armature 9, this bearing 20 be 
ing discontinuous by reason of two slots or 
notches 2 and 22 formed in the bar. 
These notches 2 and 22 are provided to re 

ceive two pressed out protuberances 23 (Figs. 1 
and 5) formed on the lower side of a supporting 

  



2,406,216 
3. 

plate raember 24 made of raagnet iron which is 
secured to the lower side of the armature 0 as by 
screws 23 and forms a part of the arnature. 
Preferably the plate 33 is formed in a Suitable 
die with two laterally spaced apart V-shaped 
notcies 3 & airs 2" (#ig. 4.) in its upper Surface, the 
retal being pressed out thereby forming the Con 
plementary protuberances 33 opposite the notches 
2g and 2" and on the opposite side of the plate 24. 
"jiliese protuberances 23 fit loosely in the notches 
2 and 22 and hold the plate 24 against lateral 
displacement, on the bar 6. Also, as shown, the 
plate 24 is formed with a laterally extending por 
tion 24d. at its upper end extending at an angle 
somewhat, greater than 90 degrees with the low 
er portion of the plate so that when the arma 
ture is in its unattracted position, as shown in 
Fig. 1, this portion 24d is parallel with the bar 6. 
The bend between the uppet portion 2 cl and 

the lower portion on the under side, as seen in the 
drawing, is formed with precision with a sharply 
defined straight, junction or line bearing Seat 24b 
between the two parts thereby to form a V-shaped 
bearing which fits on the knife-edge bearing 20 
on the bar 6 so that when the member 24 is 
pressed on the bar 6, the two parts are held by 
these bearings in a precise pivotal pOSitional re 
lation with each other. Furthermore, the W 
shaped bearings 26 and 2 have the junctions of 
their sides, i. e., their bottom line bearing seats, 
Sharply defined so as to form Seats for spring 
pressed knife-edge bearings 28 and 29 on the 
ends of spring members 30 and 3. Also, as shown 
in FigS. i and 4, the sides of each of the bear 
ings 29 and 2 are Substantially at right angles 
with each other, although this is not indispen 
Sable. 
An important feature of the W-shaped knife 

edge bearings 26 and 2 is that their line bearing 
SeatS or bottorns are in alignment, With each other, 
and with the line bearing 2 b, and also coincident, 
With the pivot axis of knife-edge bearing 20. 
Consequently, the spring force applied to the 
knife-edge hearings 28 and 29 thereby to hold the 
plate 24 oil the knife-edge bealing 20 does not ap 
ply any appreciable biasing force to the armature 

. Thus the plate 24 and the arnature ) car 
ried by it are held securely by spring pressure on 
the knife-edge bearing 23, but without any im 
pediment by this spring pressure to their pivotal 
in ovement. If a slight clearance is permissible 
between the knife edges 28 and 29 and the seats 
26 and 2, the members 30 and 3 may be rigid 
and not apply pressure to the seats 26 and 2. 
As shown, the spring members 30 and 3 are 

Secured to extensions 33 on a formed bracket 32 
in turn secured to the core member 5. For great 
er strength the opposite sides of the backet 32 
are turned downward on opposite sides of the core 
member. The armature O moves freely between 
the sides of the bracket 32. The spring members 
38 and 3 are secured to the extensions 33 as by 
screws 34 (only one of which is shown). It will 
be observed that the spring members are bent into 
substantially inverted J shapes. Also, relatively 
short portions on their free ends, on which the 
knife-edge bearings 28 and 29 are formed, are of 
decreased width and extend through notches 35 
and 35 in the airmature into the bearing slots 25 
and 27. These Spring members are shaped. So as 
to apply spring pressures on the bottoms of the 
slots 23 and 27 in the direction substantially bi 
secting the substantially 90-degree angle of the 
knife-edge bearing 28 when the contactor is open, 
as shown in Fig. 1. The slots 35 and 36 in the 
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4. 
armature are wide enough to provide for freedom 
of movement of the armature Without engaging 
he spring memberS. 

t; should be noted that tile springs 3e and 3 
apply a minimum force at right angles to their 
forces applied to the bottons of the SlotS 26 and 
2. For the purpose of minimizing still further 
this right angle force, the springs may be hinged 
at their middle bends. Also, helical Springs (not 
shown) could be used to apply forces to the W 
shaped bearings 25 and 2. 

It will be understood that various structural 
features of the contactor, which are convention 
al, have been omitted, for example, the panel sup 
port or other mounting for the stationary contact 
3 and for the movable contact and operating 
Coil. 

The novable contact it, as shown, is held when 
it, is in its open circuit position against a bracket 
33 secured to the arimature by means of a helical 
spring 38, the lower end 40 of the contact pivot 
ally bearing against the bracket 38. When the 
a'inature is noved to its attracted position, shown 
in Fig. 2, by energization of the magnet coil, the 
innovable contact is moved about its lower end as 
a pivot away from the bracket 38, the spring 39 
being compressed. A flexible connecting lead 4 
of electrically conducting material is secured by 
Screw 42 to the movable contact and extends 
downward inside the bracket 32 to a point below 
the armature where it is secured by a bolt 42" 
to an arm 43 provided for it on the bracket, 32. 
A. metal arcing horn or arc runner member 43' 
is provided adjacent the movable contact. 

In the event of wear, the bearings can be re 
newed by replacing the parts 6 and 24 with new 
parts. These parts are preferably case hardened 
to resist wear. 

For the purpose of avoiding interference by de 
positS of dust and dirt, the knife edge 20 is ex 
tended upward somewhat above the upper surface 
of the bar 6 so that when the contactor is in its 
Open position the portion 24a is spaced somewhat 
above the bar 6. 
A bumper member 44 is provided on the core 

member 15 for the armature f 9 to rest on when 
the armature is in its unattracted position. 
Another feature of my invention is the use of 

magnetic iron for part or all of the bumper mem 
ber 44 thereby to form an initial magnetic hold 
ing or restraining force for the armature f O. The 
purpose of this holding force is to prevent partial 
closing Of the breaker under low voltage condi 
tions. Without the use of magnetic material in 
bumper 44, or equivalent restraining means, in 
the event that the operating coil of the contactor 
is energized to close the contactor under substan 
tial low voltage conditions, such as 75 per cent of 
normal voltage or less, the magnetic attractive 
force of the coil on the armature will be sufficient 
to move the armature and movable contact to 
Ward their closed circuit positions until the mov 
able contact has engaged the stationary contact. 
At that point the armature is opposed by the addi 
tional contact Spring pressure, i. e., the pressure 
Of the Spring 39, and must overcome this pressure 
in moving the movable contact and wiping it over 
the stationary contact to its final closed circuit 
position. When the closing movement thus stops 
upon initial engagement of the contacts, the elec 
trical contact between them is unsatisfactory and 
may produce Welding of the contacts together. 
The object of this part of my invention, there 

fore, is to provide an initial restraining force 
which is great enough to prevent movement of 
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the armature toward its attracted position when 
the voltage applied to the operating coil is eSS 
than a predetermined voltage, such as 75 per cent, 
of full voltage, but which holding force under nor 
mal voltage conditions drops to zero Soon after the 
start of movement of the armature and, therefore, 
does not under normal voltage conditions appre 
ciably affect closing operation of the contactor. 
The strap of magnetic material formed by the 

bumper 44 provides a shunt magnetic path for 
the core member 5 when the armature is in its 
unattracted position, as shown in Fig. 1, this shunt 
path being from the right-hand end of the core 
member 5 directly through the strap of magnetic 
material 46 to the right-hand end of the arma 
ture G and thence through the armature and 
across the air gap to the end of the core member 
3. This flux path results in a magnetic attrac 

tion between the bumper member and the arma 
ture which, for certain predetermined low volt 
ages, is greater than the oppositely directed mag 
netic force exerted On the other end of the arma 
ture. 
The bumper 44 is so arranged by suitably Se 

lecting its magnetic properties as by means of 
a non-magnetic shim (not shown), or by regul 
lating its CrOSS-Sectional area, that as long as 
the voltage applied to the coil 2 during the clos 
ing movement is, for example, 75 per cent of 
normal voltage or more, the armature will be 
pulled away from the bumper 44 by the attrac 
tive force between its other end and the core 
3, and then moved to its full attracted and 
closed circuit position. This holding force of the 
bumper is, of course, regulated to correspond With 
the additional force required to move the con 
tactor to its fully closed position after first en 
gagement of the contacts. Thus, under the coin 
ditions assumed, it was found in a typical con 
tactor that 75 per cent or more voltage fully closed 
the contactor. 

It will be understood that at Some predeter 
mined voltage applied to the coil 12 which gives 
a predetermined current in the coil and a corre 
Sponding magnetic flux Value, the magnetic metal 
of the bumper 44 becomes saturated magnetically 
and consequently the magnetic restraining force 
of the bumper on the armature () is a maximulin 
value. With higher voltages applied to the coil 
and resulting higher currents in the coil and 
greater magnetic flux generated by the coil, the 
restraining pull of the humper remains Substan 
tially unchanged at Substantially the predeter 
mined maximum value While the magnetic flux 
in the other of the two parallel flux paths in 
creases and applies an increasing pull on the 
lower left-hand end of the armature in a direc 
tion to move the armature to its attracted posi 
tion. At the predetermined pickup voltage of, 
for example, 75 per cent of normal voltage, the 
armature is pulled to its attracted position against 
the restraining force of the bumper 45. 
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 con 
template 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 electromagnet comprising an armature, 

an operating coil for said armature, said arma 
ture being provided with a pair of V-shaped slots 
on opposite sides of said armature, said slots 
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6 
being laterally disposed with respect to each other 
With their bottons coincident with a pivot axis 
for said armature, a knife-edge bearing member 
for Said armature extending into the one of Said 
Sicts on the lower side of said armature there 
by pivotally to Support Saidarnature, and a Spring 
arm having a knife-edge bearing at its end ex 
teilding into the other of said slots thereby to 
acid said armature on said first knife-edge bear. 
lig. 

2. An electromagnet comprising an L-shaped 
arnature, Said armature being provided with a 
W bearing at the inner side of its bend, an oper 
atting coil for Said armature, a bearing plate pro 
Vided With a knife-edge bearing fitting into said 
V bearing thereby pivotally to support said ar 
mature, Said bearing plate being provided with a 
slot intersecting said knife-edge bearing, a V 
shaped bearing slot in the opposite or outer side 
of Said armature at its bend with a complemen 
tary protuberance on the inner side of said arma 
ture fitting into said slot in said bearing plate, 
Said Outer V-shaped slot having its bottom pivot 
axis coincident with the bottom pivot axis of 
Said first V bearing on the inner side of said ar 
nature, and a Spring member having a knife 
edge bearing on its end extending into said outer 
V-shaped slot and bearing on the bottom pivot 
axis of said slot. 

3. An electromagnet comprising an L-shaped 
armature, said armature being provided with a 
V bearing at the inner side of its bend, an op 
erating coil for said armature, a U-shaped mag 
net Core for said coil having one leg extending 
through Said coil, a bearing plate on the other 
end of Said core provided with a knife-edge bear 
ing fitting into Said V bearing thereby pivotally 
to Support Said armature, said bearing plate being 
provided with two slots spaced apart and inter 
Secting said knife-edge bearing, two spaced apart 
V-shaped bearings in the opposite or outer side 
of Said armature at its bend with complementary 
protuberances on the inner side of said armature 
fitting into said slots in said bearing plate, said 
tWo outer V-shaped bearings having their bottom 
pivot axes coincident with the bottom pivot axis 
of Said first V bearing on the inner side of said 
armature, two Spring pressed members having 
knife-edge bearings on their ends extending re. 
Spectively into said two outer V-shaped slots and 
bearing on the bottom pivot axis of said slots, 
and resilient means for applying forces to said 
Spring pressed members in directions to hold said 
armature on said bearing plate and in a direc. 
tion Substantially bisecting the angle of the knife 
edge bearing on said bearing plate. 

4. An electromagnet comprising an armature, 
& first b8aring plate armature member provided 
With an inner W-shaped bearing seat secured to 
the inner Side of said armature, an operating coil 
for said armature, a magnet core for said coil 
having one leg extending through said coil, a sec 
Ond bearing plate Secured to the other end of said 
core provided with a knife-edge bearing fitting 
into said inner V-shaped bearing thereby piv 
otally to support said arnature, said second 
bearing plate being provided with a notch inter 
Secting said knife-edge bearing, an outer V. 
shaped bearing in the outer side of said first plate 
with a ceraplementary protuberance on the in 
ner side of said first plate fitting into said notch 
in said Second bearing plate, said outer V-shaped 
bearing having its bottom pivot axis coincident 
With the bottom pivot axis of said inner V-shaped 
bearing, an opening in said armature opposite 
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said outer V-shaped bearing, a spring having a 
knife-edge bearing on its end extending through 
said opening in Said airmature into said Outer 
V-shaped bearing with its knife-edge bearing en 
gaging the bottom pivot axis of said outer V 
shaped bearing, said Spring applying a force to 
said outer V-shaped bearing to hold said first 
bearing plate and said armature on said second 
bearing plate and in a direction Substantially bi 
secting the angle of the knife-edge bearing on 
Said Second bearing plate. 

5. An electromagnet comprising an armature, 
an operating coil for said armature, said arma 
ture being provided with a V-shaped bearing on 

0. 

8 
each of two opposite sides of said arnature, said 
bearings being in allinement with each other with 
their bottom bearings coincident with a pivot axis 
for said armature, two knife-edge bearing mem 
bers for said arnature positioned on said oppo 
site sides of said arnature and extending into 
said V-shaped bearings thereby pivotally to sup 
port said armature for movement about said piv 
ot axis, and a spring supporting one of said knife 
edge bearings biasing said one knife-edge bearing 
against its bottom bearing thereby to hold said 
arnature resiliently on the other of said knife edge bearings. 

LEON J. GOLDBERG. 


