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This invention relates to electromagnets 
and particularly to electromagnets of the al 
ternating-current type. 
An object of the invention is to provide an 

5 alternating-current electromagnet in which 
the magnetic attraction between the armature 
and the stator shall not fall below a prede 
termined value. 
A further object of the invention is to pro 

10 vide an alternating-current electromagnet 
that shall be adapted for energization from 
alternating-current circuits independently of 
the frequency. 
A still further object of the invention is to 

15 provide an alternating-current electromagnet 
that shall be simple in construction and easily 
manufactured and in which there shall be sub 
stantially no vibration between the armature 
and the stator. 20 For a fuller understanding of the inven 
tion, reference may be had to the following 
description, taken in conjunction with the ac 
companying drawing, in which: 

Figure 1 is a front view, in elevation, of 
25 an alternating-current electromagnet em 

bodying the invention. -- 
Fig.2 is a view, in side elevation, of the 

same device. 
Fig. 3 is a view, in section, taken on line 

30 III-III of Fig. 1. 
... Fig. 4 is a view, in side elevation, of a sheet 
metal punching or lamination embodied in 
the armature of the electromagnet shown in 

: Figs. 1 and 2. . 
35 Fig. 5 is a view, in side elevation, of a sheet 

metal punching or lamination embodied in 
the stator or the core of the electromagnet of 
the device shown in Figs. 1 and 2. 

- Fig.6 is an edge view illustrating the thick 
40 ness of the laminations shown in Figs. 4 and 

5, and 
Fig. 7 is a series of curves illustrating the 

; , , variation in magnetic attraction between the 
armature and the stator or the core of the 

45 electromagnet shown in Figs. 1 and 2. 
In Figs. 1 and 2 of the drawings, a base 1 

of cast-metal or other suitable material is 
illustrated, and a core 2 of substantially E 
shape is secured to it. The core comprises a 

50 plurality of relatively thin laminations 3 of 
magnetic material of substantially E-shape 
(see Fig. 5). The bottom edges of the lami 
nations 3 are clamped between angle irons 4 
and 5 by meansof bolts 6. Each of the legs 

of the laminations 3 are clamped together by 
bolts which extend through openings pro 
vided therein. , . 

The outer legs of the laminations 3 are pro 
vided with alined notches 7 which form a 
rectangular slot in the end of each leg of the 
core for receiving a conductor 8. ?in this 
construction, the conductor 8 is insulated from 
the core by tubular members 9 of insulating 
laterial. On one side of the core, the con 

ductor 8 is bent downwardly against the base 
1 and is secured thereto by clips 10. 
The ends of the conductor 8 are provided 

With terminal clips 11. In order to secure 
the ends of the conductor 8 to the base 1, stud bolts 12are provided to make threaded engage 
ment with the base. As shown, the studbolts 
are provided with lock nuts 13 for locking 
them in place. The stud bolts 12 project through, tubular insulating members 14 
Inounted in openings in the terminal clips 11 
(see Fig. 3). The clips 11 are insulated from 
the base 1 by insulating washers 15. 

In order to provide a closed circuit, the 
ends of the conductor 8 may be connected by 
a resistor 16, having a resistance of a predeter. 

55 

60 

65 

70 

75 

80 

mined value. The resistor may be secured, 
at its Cnds, in intimate contact with the ter. 
minal clips by means of nuts and lock washers 17, the latter being of insulating material 
and disposed between the resistor and the lock 
Washers for insulating the conductor from the 
base. The conductor 8 and the resistor mem. ber 16, being connected together, may be 
utilized as a shading coil, for a purpose to be 
hereinafter set forth. In order that lines of alternating magnetic 
force may be caused to permeate the legs of the E-shaped core 2, an electromagnet coil 18 
is provided to encircle the middle leg of the 
core 2. The coil is provided with a clamping 
plate 9 and bolts 20 
a Se . 

leg of the core 2, magnetic flux is caused to 
flow through the outer legs of the core in 
the same direction and to return through the 
middle legin response to electric current flow 
ing through the coil. If the coil 18 is ener 

for securing it to the 
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Since the coil 18 is disposed on the middle 
100 

gized from a source of alternating power, a cur 
rent will be induced in the shading coil. The 
current flowing in the shading coil will pro 
duce a magnetic flux in the core that lags sub 

05 

stantially 90 degrees behind the flux pro 



5 

0. 
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duced by the coil 18, The purpose of estab 
lishing two magnetic fluxes in the core, that 
are displaced in phase from each other, will 
be hereinafter set forth in detail. 
The core 2 is provided with an armature 21 

of substantially E-shape that comprises a 
plurality of laminations 22 (see Fig. 4) se 
cured together by bolts or other suitable 
means. The armature is pivotally mounted 
at 23 on a supporting arm 24, which, in turn, 
is pivotally secured at 25 to a bracket 26, the 
bracket 26 being secured to the base 1. 
The middle legs of the laminations con 

stituting the armature 21 and the core 2 are 
cut on a bias and of such length that an air 
gap 27 is provided therebetween when the 
outer legs of the core and the armature are in 
engagement (see Fig. 2). If an air gap be 
provided, as shown, the tendency of the arma 
ture to stick to the core 2 when the coil 18 is deenergized is obviated. 
When the coil 18 is energized, a current is induced in the shading coil comprising the 
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- conductor 8 and the resistor 16. Thus, two 
magnetic fluxes are developed in the core and 
the armature, one by the coil 18 and the other by the shading coil. 
The magnetic attraction or pull resulting 

between the core and the armature, caused 
by the lines of magnetic force produced by 
the coil 18, may be represented by a curve 29 
of Fig. 7. This curveillustrates that the pull 
or magnetic attraction varies between a maxi 
mum value and zero. 
The magnetic attraction or pull between 

the armature and the core, resulting from the 
lines of magnetic force developed by current 
flowing in the shading coil, may be repre 
sented by the curve 30, which indicates also 
that the magnetic pull varies between a maxi 
mum value and zero. 

Since the current induced in the shading 
coil lags behind the current flowing in the 
coil 18, the fluxes produced by the respective 
coils will be displaced in phase by substan 
tially 90 electrical degrees. Since the fluxes 
acting upon the armature combine to produce 
a resultant flux, the magnetic attraction or 
ull between the armature and the core may 
e represented by a curve 31 which is a sum 

mation of the curves 29 and 30. Therefore, 
it will be seen that the minimum magnetic 
attraction between the armature and the core 
never falls to zero and, therefore, the arma 
ture is held firmly against the core 2. Under 
such operating conditions, vibration and 
chattering of the armature are substantially 
eliminated. 

65 

The amplitude of the curve 30, which repre 
sents the magnetic attraction between the 
core and the armature produced by the cur 
rent flowing in the shading coil, may be con 
trolled by utilizing resistors of different 
ohmic values. 

Since the resistor 16 may be removed, and 
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the resistance of the shading coil circuit con 
trolled by replacing the resistor 16 with . 
another of the proper resistance, the coil 18 
of the electromagnet may be utilized on sub 
stantially any electrical circuits of com 
mercial frequency, because the resultant 
curve 31 may be controlled by governing the 
amplitude of the curve 30 which, as herein 
before stated, is determined by the currents 
flowing in the coil 18 and the shading coil. 
The electromagnet, illustrated in the draw 

ings, may be assembled as a compact unitary 
structure and mounted on circuit breaker 
panels, or wherever needed, for actuating 
circuit interrupters or other devices. Since 
the magnet is applicable to circuits of sub 
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stantially all commercial frequencies, it may 
be described as a universal electromagnet. 

Since various modifications in the device 
embodying the invention may be made with 
out departing from the spirit and scope there 
of, I desire that only such limitations shall be 
placed thereon as are imposed by the prior 
art and the appended claims. 
I claim as my invention: 
1. In an electromagnet, in combination, a 

plural-leg magnet core of substantially E 
shape, an induction coil disposed on the mid 
dle leg for causing lines of magnetic force to 
permeate the legs of said core, a shading coil 
wound upon the outer legs and inductively 
coupled to said induction coil, a resistor for 
short-circuiting said shading coil to cause 
lines of magnetic force to permeate said core 
responsive to current flowing in said induc 
tion coil, and means for insulating said re 
sistor and shading coil from the core. 

2. In an electromagnet, in combination, a 
magnet core, an induction coil for causing 
lines of magnetic force to flow in a plurality 
of paths in the core, an armature for said 
core, a shading coil inductively coupled with, 
and responsiye to current flowing in the main coil for causing lines of magnetic force, dis 
placed in phase from the lines induced by the 110 
induction coil, to flow in said core, and a re 
movable resistor for short-circuiting said 

g whereby the magnetic pull be 
tween the armature and the core may be pre: vented from falling below a predetermined 115 
value while the main coil is energized. 

3. In an electromagnet, in combination, a 
magnet core, a main coil for causing lines of 
magnetic force to flow in a plurality of paths 
in the core, an armature for said core, a shad- 120 
ing coil inductively coupled with, and respon 
sive to, current flowing in the main coil for 
causing lines of magnetic force to flow in said 
core that are displaced in phase from the lines 
of magnetic force produced by the induction 125 
coil, and a removable resistor for short-cir 
cuiting said shading coil, whereby the mag 
netic pull between the armature and the core 
may be prevented from falling below a pre 
determined value while the main coil is en- 130 
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ergized, said core, coils and armature being 
assembled as a unitary structure. 

4. In an electromagnet, the combination 
with a base, a core of substantially E-shape, a 
coil disposed on the middle leg of the core 
for causing lines of magnetic force to per 
neate the core, of means for producing a sec 
ond magnetic flux out of phase with the first 
magnetic flux comprising a conductor looped 
around Said coil and disposed in the Outer legs 
of said core, means for securing the ends of 
said conductor to said base, means for insu 
lating the conductor from the core and the 
base, and a removable resistor member con 
nected to the ends of the conductor. 

5. In an electromagnet, a stator of substan 
tially E-shape, an induction coil disposed on 
a middle leg thereof, an armature of substan 
tially E-shape for cooperating with said 
stator, a conductor disposed upon the outer 
legs of the stator, means for securing the ends 
of the conductor to the stator, means for in 
sulating the conductor from the stator, and 
a removable resistor connected to the ends of 
the conductor whereby a current is induced in 
said coil responsive to current flowing in the 
induction coil for producing lines of mag 
netic force displaced in phase relation from 

the lines of magnetic force caused by the in 
duction coil. 30 

6. In an alternating-current electromagnet, 
the combination with a stator of E-shape, an 
armature of E-shape, and an induction coil 
disposed on the middle leg of the stator for causing lines of magnetic force to permeate 
the stator, of a conductor disposed on the 
outer legs of said stator, means for insulating 
said conductor from the core, means for se 
curing the terminals of said conductor to said 
stator and a removable resistor connected to 
the terminals of said conductor. 

7. In an electromagnet, in combination, a 
plural-leg magnet core, an induction coil dis 
posed on one leg of said core for causing lines 
of force to permeate the legs of said core, a 
shading coil wound upon the other legs of said 
core and inductively coupled to said induction 
coil to cause lines of magnetic force to per 
meate said core responsive to current flowing 
in said induction coil, and means for varying 
the resistance of said shading coil. 

In testimony whereof, I have hereunto sub 
ised my name this 7th day of October, 
1927. 

NIELS K. ANDERSEN. 
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