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My invention relates to improvements in elec 
tromagnetic devices for use in a terrating cur 
rent circuits and more particularly eiectromag 
netic devices, such as relays, having a movable 
armature whose movement is dependent of a 
single-phase alternating current guaratity and 
which must be maintained in a definite position 
independently to the variation. Wits eSpect to 
time of the irst3&aneous valle gif the guarality. 
Some magnetic Seays, Such for ex33 agile as 

voltage responsive 'eleys, are energized by 2, sign 
gle alternating "voilage ornally to 2 nairaigia 
the novable 33:25U re of the relay is 3, retie 
termined contact controlling position iron which 
it is to be noved to a different contact contgo 
ling position of , he oc8arence of a predetex 
mined decrease in voltage. Ei the change in go 
Sitio is desired witia a small decrease la Viage, 
then because of lack of unifornity in pull in 
consequence of the cyclic waiiaioia of the volta 
age, a false response of the relay Enay occa, 
Thus it is well knows to coatrol anaray groups 

of anps, water-heates, etc. by raditicia of Eihe 
potential in alterisating cura'ent systerns. This 
Inay be acco2.plished by a plurality of operations : 
of a circuit breaker, each operation consisting 
of an opening and a closing of the circuit to ae 
controlled. Each operation has a very short, dia 
ratio; agad apgea3's in the system as a nonea 
tary lowering of the voltage. She apparatts to 
be controlled congrises a relay responsive to the 
iowering of Siae voltage &nd it is well usaderstood 
that each relay should release its arrature in 
response to he same voltage decrease. For this 
purpose it is regaisite that the resultant magnetic 
effect; exerted oth the armature be substantially 
independent of tine variation with respect to 
time of the instaintaneous value of the alternat 
ing carrent gianity energizing the relay. This 
can be attained, for example, by exergizing he 
armature is dependence on two alternating flix 
es. Wiich are Saitably displaced in phase. 
In some sistance relays, particularly those of 

the impedance type in which a restraining effect, 
such as a force cr torque dependent on voltage, 
is opposed to an operating effect, Such as a 
force or torque dependent on current, the mere 
cyclic variation of the voltage with respect to 
time Snay result in Such a decrease in the re 
straining effect as to cause a false operation of 
the relay particularly if a high degree of Sens 
tivity is desired. In other words, because of the 
phase angle yariation between the current and 
the voltage, the relay tends to respond to the 
instantaneous ratio of the voltage and the curs 
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rent and not he ratio of the root mean square 
values of these two quantities as is desired. Also, 
as is We known in alternating current and 
voltage relays, the lack of uniformity in attrac 
tive effort on the armature site to the cyclic 
variation in the current or voltage results in 
raise or hurn arid undesirable wear of the parts. 
Warious expedients have been proposed to elim 

imate trouilles attendant on the lack of uniform 
ity in magnetic attractive effort due to the cyclic 
v3riatic;n of the alternating curreal, giantity 
whereby to maintain the stability of the argaa 
& Are position throughout Sich V3riation. Arong 
othes tailings, these expedients have included the 
38e of E. plurality of widiigs each egaergized oy 
the altarristing currena, guantity in eigestion and 
(ae or Siaore phase displacing neas connected 
is a circuit with the windings &nd so proportioned 
as to provide a reasonally uniorm effect; 
throughout the cyclic variation of the altergaat 
ing curreat quantity. Such exts, phase displac 
ing items as condensers, resistors, etc., not only 
is crease cos; out also consure switchboard 
Space. Also, in general, the more iters of equip 
rient, the 3raore opportunities for reakdown and 
failure to operate properly at the citical time. 

in 200ordance with any invention, I provide 
an electroy magnetic device which as a novable 
2rnature and which can be exergized by a sin 
igle alternating current, quantity whose cyclic 
variation does not materially affect, the stability 
of the arrnature position. Aoreover, in accord 
ance with my invention, I provide an improved 
electromagnetic device in which this stability of 
Aposition throughout the cyclic variation of the 
alternating current quantity is simply and eco 
nonically achieved within the device itself and 
not by extraneous elements, such as condensers, 
resistors, and the like. These and other objects. 
of my invention will hereinafter appear in more 
detail. 

My invention will be better understood from 
the following description when considered in con 

45 
nection with the accompanying sheet of draw 
ings, and its scope will be pointed out in the ap 
pended claims. . . 
In the accompanying drawing Figs. 1 and 2 

illustrate diagrammatically for the purpose of 
leading up to a better understanding of my in 
vention electromagnetic devices which have been 
proposed for maintaining the armature position 
ing effect constant during the cyclic variation 
of an alternating current quantity; Fig. 3 ilius 
trates diagrammatically an electromagnetic de 
vice on which the analysis of the theory of ac 
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tion of my invention is based: Fig. 4 illustrates 
diagrammatically an electromagnetic device en 
bodying my invention with the parts propor 
tioned in accordance with specific assumptions; 
Fig. 5 is a diagram of curves illustrating flux 
relations in apparatus embodying my invention. 
and Fig.6 is a diagram of curves illustrating 
torque relations in apparatus embodying my in 
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vention. In all the figures the magnetic nem 
bers of the electromagnetic devices, that is the 
core and the armature thereof, are drawn in 

0. 

thick black lines in order to simplify the illustra 
indicated by arrow heads and small circles. 

Referring now to Fig. 1, the flux entering the 
armature 7 at the pivotal support on the core 
leg f, in consequence of the energization of the 
winding 8 by an alternating current quantity, 
is divided into two fluxes which enter and leave 
the armature by way of the core legs 2 and 3. 
These two fiuxes are dephased relatively to each 
other. The phase displacement is obtained in 
this case by providing the core leg 3 with a short 
circuited winding 6. This structure presents 
the advantage of being cheap but is, on the other 
hand, disadvantageous in that it requires a phase 
displacement of 90 in order to maintain the re 
Sultant magnetic turning moment or torque act 
ing on the armature constant. Such a large 
phase displacement cannot be obtained with a 
short-circuited winding. The result obtained on 
the whole is that the arrangement shown in Fig. 
1 is not suited for the manufacture of a poten 
tial relay which can fulfil the requirem?ents of 
a control of the type herein set forth. 
These requirements are, however, satisfied by 

tions, and the fulcrums or pivotal supports are 
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the arrangement shown in Fig. 2 by which it is 
possible to obtain a phase displacement of 90° 
between the two fluxes in the core legs 2 and 3 
but only in connection with suitable auxiliary 
phase displacing means such as resistances R1, R3 
and a condenser C3 in circuit with energizing 
windings E1 and E3, if the resultant magnetic 
turning moment acting on the armature is to be 
maintained constant. 
In arrangements such as those illustrated in 

Figs. 1 and 2 wherein the magnetic flux traverses 

40 

instantaneous values of the fluxes in the legs 1, 2 
and 3 are fi, f2, f, and the amplitudes of the 
flux waves are F, F2, Fs, then 

D=alf--a2fa--aafs, 
being constants involving factors of 

c 

al, a2, a3 
design. 

Also fi-i-fa--fa=0, since the algebraic sum of the 
fluxes entering and leaving the armature at any 
instant must be zero in accordance with Kirchoff's 
laws as adapted to flux flow. Accordingly, 

fie-(h+fs) \ fa--f 
as shown graphically in Fig. 5. 

fa=Fa sin pt, fa=F3 sin (pt+B). (2) 
p is the angular velocity of the flux vectors in 
radians per second and B is the angle by which 
the flux f is displaced from the flux fa in conse 
quence of the effect of the short-circuited wind ing 6. 
By inserting the values of fa and fa from Equa 

tion 2 in Equation 1, there results, after certain 
transformations, the following: 

If the resultant torque D on the armature 
is to be substantially independent of the cyclic 
variation of the alternating current quantity 
which energizes the winding 8, then the co 
efficients of both the sin 2pt and the cos 2pt 
terms in Equation 3 must equal 0 as expressed 
below: . 

(a1--as) F32 sin 2g+a1FF3 sin B=0 which by 
transformation to functions of the single angle 6 
may be expressed as 

sin B{(a +da) F3?cos B+ctraF2}=0 (4) 
and -al'F's cos 8-4 (a1--a3) F3 cos 26 

- A (a1a2) Fa=0 (5) the magnet armature at the pivotal support there 
of, it is likely that the magnetic resistance of 
the support and also the response of the relay 
will vary in the course of time by reason of the 
Wear and tear. In order to obviate this, it has 
been suggested to arrange the pivot 9 for the 
armature outside of the magnetic core, as shown in Fig. 3. . . 
In accordance with my invention, I so propor 

tion the distances di, da, d3 of the magnetic 
centers of gravity of the three alternating fluxes 
entering and leaving the armature by way of the 
core legs ., 2 and 3, respectively, as to obtain a 
substantially constant resultant magnetic turn-. 
ing moment acting upon the armature, with a 
phase displacement between the two fluxes in 
the core legs 2 and 3, respectively, which is less 
than 90°. A phase displacement less than 90 
can readily be obtained with the aid of a short 
circuited winding 6, for example, on the leg 3. 
This arrangement presents over the arrangement 
shown in Fig. 2 the advantage of a considerably 
smaller expenditure because it does not require 
another coil, the condenser C3 and the resistance R3. 

If the resultant magnetic turning moment rela 
tively to the armature fulcrum or pivot 9 is D, the 
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Solving these two Equations 4 and 5 simul 
taneously for COS B and 

F. 
F. 

gives: 

F-1a-Fa 
F, -- 02 (6) 

-1 
E -eeee (7 cos 6= ad-ada- a 3d (7) 

-- - a - 
The Equations 6 and 7 give the phase displace 

ment and the flux ratio in dependence on the 
65 

70 
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distances of the three magnetic centers of gravity 
as involved in the constants a1, a2, a3 which can 
be expressed in terms of the distances d1,da, ds, 
since the torques D1, D2, D3 due to the respec 
tive pole fluxes fi, fa, f may be written as follows: 

D=kdfsafi, a1=kdi. 
Da=kdaft-afa, Ca=kda 
D=kdafia-safa, ass=kds 

Accordingly, by substitution, the Equations 6 
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and 7 can be expressed in terms of di, da, ds, as 
follows: 

-d 
Vid--d(dd)--ded 

which may be expressed as follows: 
F(d+d) 
FT (d--d) 

-d 
cos (d+d),(d+d). (9) 

Consequently for d1=0, that is to say, for ar 
rangements according to Figs. 1 and 2, cos Á would 
be equal to zero and B, accordingly, 90', a con 
dition impossible to obtain with a shading wind 
ing alone. But if di is not zero, it is possible 
to accomplish the desired action with phase an 
gles less than 90°, which can readily be obtained 
with short-circuiting. rings. In this case it is 
immaterial which of the two fluxes Fa and F is 
leading or lagging. Since 

F 
F. 

and cos B depend solely on the relative values 
of d, da, ds, linear increases of all dimensions do 
not produce a variation in the resultant magnetic 
effect. In order to obtain this effect, the two 
Equations 8 must be satisfied by suitable propor 
tioning of the determining quantities. This can 
be attained, for example, by adjustment of d1 
(horizontal displacement of the armature full 
crum). 

Referring now to Fig. 6, Ti, Ta and Ts are 
curves showing the values of the torques exerted 
on the armature in consequence of the attrac 
tions due to the fluxes fi, fa, and fs, illustrated 
by wave forms in Fig. 5. D is the curve of the 
algebraic sum of the torques T1, T2 and T or, 
in othe Words, the difference between and 
the sum of T and T3. Since D is to be substan 
tially independent of the cyclic variation of the 
applied alternating current electric quantity when 
the armature is in a predetermined position, it 
appears bas a straight line whose distance above 
the Zero axis depends on the effective value of 
the quantity, s 

Fig. 4. illustrates my invention in a specific 
embodiment, which is based on the foregoing 
analysis and it, which, for example, dis -0.5 (the 
armature faicus lies between the legs and 2), 
da=2, and is3. Then according to the Equa 
tion. 8: cos 6-0.258, A=75 (attainable with a 
slot-circuited winding), 

i. 
Fa 

This coatact; 3. serves for repositioning the 
dropped aikature. 

car: 
... An electromagnetic device comprising an 

&rmat ES'e, 8, cooperating magnetic member pre 
Seating at least three poke faces to said armature, 
winding Enears or said meraber adapted whe 
energized from a sigis-phase source of alternst 
ing cirrent to establish sternating fixes in the 
pole faces of said memier and in said armature, 
short-circuited winding means or said magnetic 
member for effecting a phase displacement be 
tweer at least two of said fluxes, and means 

(8) cos 3=e 

and 

1.29 
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supporting said armature intermediate one of said 
pole faces and the other pole faces for angular 
movement so positioned relatively to said pole 
faces that the resultant torque effect on the ar 
mature due to the attractions between the re 
spective pole faces and the armature when the 
armature is in a predetermined position and said 
winding means is energized from a single-phase 
source of alternating current is substantially con 
stant. as long as the effective value of said cur 
rent is substantially constant. 

2. An electromagnetic device comprising an ar 
mature, a cooperating magnetic member having 
three polar projections directed towards said ar 
nature, winding means on said member adapted 
when energized from a single-phase source of al 
ternating current to establish alternating fluxes 
in said projections and said armature, short 
circuited winding means on one of said projec 
tions for effecting a predetermined phase dis 
placement between at least two of said fluxes, 
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and a pivotal support for said armature so posi 
tioned intermediate the third of said polar pro 
jections and said two polar projections that the 
resultant torque effect on the armature due to 
the attractions between the respective polar pro 
jections and the armature when the armature is 
in a predetermined position and said winding 
means is energized from a single-phase source of 
alternating current is substantially independent 
of the cyclic variation of the current. 

3. An electromagnetic device comprising an ar 
mature, a cooperating magnetic member having 
three legs presenting pole faces to said armature, 
winding means on one outside leg of said mem 
ber adapted when energized from a single-phase 
source of alternating current to establish alter 
nating fluxes in the legs of said member and in 
said armature, short-circuited winding means on 
the other outside leg of said member for effecting 
a predetermined phase displacement between the 
fluxes in said other outside leg and the leg in 

- termediate the two outside legs, and a pivotal 
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support for said armature between said inter 
mediate leg and said one outside leg so positioned 
relatively to the pole faces of said legs that the 
resultant torque of the attractive effects on the 
armature is substantially independent of the 
cyclic variation of the alternating current quan 
tity energizing said winding means when the ar 
mature is in a predetermined position. 

4. An electromagnetic device comprising an ar 
mature, a cooperating magnetic mernet present 
ing three pole faces to said armature, winding 
means on Said member &dapted when energized 
from a single-phase source of alternating current 
to establish fluxes fi, fa and f having amplitudes 
F1, Fa and F3 in the poles of said member and 
the armature, the algebraic sum of the fuxes f, 
fa and f entering and leaving the airhature at 
any instant being substantially zero, short-cir 
cuited winding means on said member for ef 
fecting a phase displacement ghetween the fluxes 
fa and fs, and a pivotal support for said armature 
So positioned at distances di, dia and da, respec 
tively, from the centers of magnetic attraction 
of Said pole faces and relatively to said phase 
displacement B and said flux amplitudes F and 
F3 that 

-d 
cos 3 = (d+d)*(d-d) 

and 

(d+d) 
F,(dai 
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5. An electromagnetic device comprising an ar 

mature, a cooperating magnetic member having 
three polar projections directed towards said ar 
mature, winding means on said member adapted 
when energized from a single-phase source of 
alternating current to establish in said three 
polar projections fluxes f1, f2 and fs, respectively, 
which have amplitudes F1, F2 and F3, the al 
gebraic sum of the fluxes f1, f2 and fa entering 
and leaving the armature at any instant being 
substantially zero, short-circuited winding means 
associated with one of said polar projections for effecting a predetermined phase displacement B 
between the fluxes' far and fs, and a pivotal Sup 
port for said armature intermediate the polar 
projections in which the fluxes fi and fs occur 
so positioned at distances d1, d2 and ds, respec 
tively; from the centers of magnetic attraction of 
said polar projections and relatively to Said phase 
displacement B and said flux amplitudes F2 and 
F3 that ' ' ' ' , , . . 

-- --d 

cos - (dd)M(dd)% 
and 

F-(d+d). . FT (d+d) 
6. An electromagnetic device comprising an ar 

mature, a cooperating magnetic member having. 
three polar projections directed towards said ar 
mature, winding means on said member adapted 
when energized from a single-phase source of 
alternating current to establish in Said three polar 
projections fluxes f1, f2 and fs, respectively, which 
have amplitudes F, F2 and F3 the subnumbers , 
2 and 3, respectively, indicating the order of said 
polar projections in series, the algebraic sum of 
the fluxes f1, f2 and fa entering and leaving the 
armature at any instant being substantially Zero, 
short-circuited winding means associated with 
the polar projection energized by the flux fs for 
effecting a predetermined phase displacement B 
between the fluxes fa and fs, and a pivotal Sup 
port for said armature intermediate the polar 
projections in which the fluxes fi and f2 occur 
so positioned at distances d1, d2 and da, respec 
tively, from the centers of magnetic attraction 
of said polar projections and relatively to Said 

10 
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phase displacement B and said flux amplitudes 
F2 and F3 that 

cos 3= --d- 
(d--d) (did) 

and 

F2(d+d) 
Fa (did)* 

7. An electromagnetic device comprising an ar 
mature, a cooperating magnetic member present 
ing at least three pole faces to Said arrnature, 
winding means on said member adapted when 

20. 
positioned relatively to said pole faces that the 

energized by a single-phase alternating current 
to establish alternating fluxes in the pole faces 
of said member and in said armature, means 
comprising a short-circuited winding for effecting 
a phase displacement between at least two of said 
fluxes, and means intermediate one of said pole 
faces and the other two of said pole faces sup 
porting said armature for angular movement so 

resultant torque effect of the attractions between 
the respective pole faces and the armature when . 

- the arnature is in a predetermined position and 

() 

said winding means is energized by a single-phase 
alternating current is substantially independent 
of the cyclic variation of the current. 

8. An alternating current electromagnetic de 
vice comprising an armature, a cooperating mag 
netic member having at least three pole faces 
arranged adjacent said armature so that the flux 
passing between one of said pole faces and the 
armature is the sum of the fluxes passing be 
tween the other faces and the armature, a wind 
ing on said member arranged when energized by 
a single-phase alternating current to magnetize 
the member, means for effecting a predetermined 
phase displacement between the fluxes in said 
other pole faces, and means intermediate said 
one pole face and the other pole faces supporting 
said armature for angular movement character 
ized by the fact that said pole faces are so ar 
ranged relatively to each other and to said sup 
porting means that the resultant torque effect. 
produced by the flux on said armature is sub 
stantially constant in a predetermined direction 
when the armature is in a predetermined position 
and said willing is energized by a single-phase 
alternating current having a constant effective 

50 value. 
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