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My invention relates to improvements in elec-
tromagnetic devices for use in alternating cur-
rent circuits and more particularly glectromag-
netic devices; such as relays, having a movable
armature whose movement is dependsnt on &
single-phase alternating current guantity and
which must be maintained in a definite position
independently of the variation with respect to
time of the instantaneous value of the gquantidy.

Some moagnstic releys, such for exaraple as
voliage responsive relays, are energized by o sin-
gle alternating voliage normally to maintain
the movable armabture of the relay in g prede-
termined contacs controlling pesition from which
it is to be moved to a different coniach control-
ling position on the ocourrsnce of 2 predeler-
rined decrease in voltage. If the change in po-
sition is desived with a small decreass In voliage,
then because of lack of uniformity in sull in
consequence of the cyclic voriation of the volt-
age, o faise vesponse of the relay may OCCUL

Thus it is well known to control many groups
of lamns, water-heaters, ete. by raduction of the
potential in aifernating current systems. This
may be accomplished by a plurality of operations
of & cireuil brezker, each operaticon consisting
of an opening and a closing of the circuit to be
controlled. Xach operation has & very short du-
rotion and appears in the system &5 & momen-
tary lowering of the voliage. The apparatus 0
be controlled comprises a relay responsive to the
jowering of the voltage and if is well understood
that each relay should release its armafure in
respense 16 the same voliage decresse, Por this
purpose it is requisite that the resultant magnetic
effect excrted on the armature be substantially
independent of the varlation with respect %o
time of the instantaneous value of the alternai-
ing current quaniity energizing the relay. This
“can be attained, for example, by ensrgizing the
armaiure in dependence on two alternating fux-
es which are suitably displaced in phase.

In some distance relays, particularly those of
the impedance iype in which a restraining effect,
such as a force cv forque dependent on voitage,
is opposed o an operating efect, such as &
force or torvgue dependent on current, the mere
cyclic variation of the voltage with respect to
time may resulé in such a decrease in the re-
straining effect as to cause & false operation of
the relay particularly i a high degree of sensi-
tivity is desired. In other words, because of the
phase angle variation petween the current and
the voltage, the relay tends to respond to the
instantaneous ratio of the voltage and the cur-
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rent and not the ratio of the root mean square
values of these two guantities as is desired. Also,
as is well known in alternating current and
voltage relays, the lack of unifermity in atirac-
sive effort on the armature sue to’ the cyclic
variation in the current or voltage regults in
noise or hum and undesirable wear of the parts.
Various expedients have been proposed jo elim-
mate troubles ajtendani on the lack of uniiorm-
ity in magnetic attractive effort due to the cyclic
varistion of the alternating ocurrent quantity
whereby to maintain {he stability of the arma-
sure position throughou} such variztion. Among
other things, these expedients havs included the
use of o plurality of windings each energized by
the alternsting current gquantity in guestion and
one or more phase displacing means conneched
in circuit with the windings and so proporiioned
as 3¢ provide a reasonably uniform efect
shroughout the cyclic variation of the alternat-
ing currept quaniity. Cuch extra phase displac-
ing items as condensers, resistors, etc. not only
inerease cost but also consume switchboard
space. Also, in general, the more items of equip=~
mens, the more opportunities for breakdown and
failure to operate properly at the critical time.
In accordance with my inveniion, I provide
an electromsgnetic device which has a movable
armature and which can be energized by a sin-
gle alternating currert guantity whose eyclic
variation dees not materially afect the stability
of the armature position. Moreover, in accord-
ance with my invention, I provide an improved
electromagnetic device in which this stability of

5 position throughout the cyclic -yariation of the

alternating current quantity is simiply- and sco-
nomically achieved within the device itgelf and
not by extranecus elements, such as condensers,
resistors, and the like, These and other objects-
of my invention will hersinafter appear in more
detail. ) : '

My invention will be better understood from

" the following description when considered in con-

59

nection with the accompanying sheet of draw-
ings, and its scope will be pointed out in the ap-
pended claims. . o

In the accompanying drawing Figs. 1 and 2
illustrate disgrammatically for the purpose of
1eading up to a better understanding of my in-
vention electromagnetic devices which have been
proposed for maintaining the armatuyre position~
ing effect constant during the cyclic variation
of an alterpating current quantity; Fig. 3 iilus-
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 em- -
bodying my invention with the parts propor- -

tioned in accordance with specific assumptions;
Fig. § 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-
vention. In all the figures the magnetic mem-
bers of the electromagnetic devices, that Is the

core and the armature thereof, are drawn -in
thick black lines in order to' siraplify the itlustra-- -
tions, and the fulcrums or pivotal supports are -

Indicated by arrow heads and small circles.
Referring now to Fig. 1, the flux entering the
armature T at the pivotal support on the core
leg 1, 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 3 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 fulfill the requirements of
a control of the type herein set forth. :
These"requirements are, however, satisfied by

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 Ri, Ra
and a condenser C; in circult with energizing
windings E: and Es, 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

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 8 for the
armature outside of the magnetic core, as shown
inFig.3. . '

In accordance with my invention, I so propor-
tion the distances di, dz, 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 s

" 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 8, for example, on the leg 3.
This arrangement presents over the arrasngement
shown in Fig. 2 the advantage of a considerably
smaller expenditure because it does not require
another coil, the condenser C: and the resistance
If the resultant magnetic turning moment rela-
uvely to the armature fulcrum or pivot 9 is D, the

- ix:istantaneous,ialues of the fluxes in .t.he legs i, 2
and 3 are fi, fz2, f3, and the amplitudes of the
flux waves are F, ¥, F3, then . _ y

5 D=a /13t asf22-Lasfs?,

a1, az, a3 being constants invoiving factors of

design. - . ’ R

. 4Also f1+f14f1=0, since the algebraic sum of the :

10 fluxes entering and leaving the armature at any

instant must be zero in accordance with Kirchoff ’s
laws as adapted to 1ﬂux‘flow. Accordingly,

s fz +73)

.15 as shown graphically in Fig. 5.

=(ai+a2) 2+ (@4-a3) f24+-2a1fafs (1)

Also - :

fa=F3 sin pt, f2=Fs sin (pt+p) . 2)

20 p is the angular velocity of the flux vectors in
radians per second and g is the angle by which .
the flux f3 is displaced from the flux 7z in conse-
quence .of the effect of the short-circuited wind-
ing 6.

25 By inserting the values of f2 and /s from Equa-
tion 2 in Equation 1, there results, after certain
transformations, the following:

D=1 (a14-a2) F22+ Y5 (a1+a3) Fs2+aiFaF's cos 8’
30 +sin 2p¢{ % (@1+a3) F3? sin 2 g+ aiF2Fs sin g}
- . ~+cos 2pt{—a:F2Fs cos f—-
Yela14-a2) F¥— Vs (a14-a3) F3? cos 2 8} (3)
If the resultant torque D on the armature 1
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
40 below: : o _
Ya(a1+as) F3? sin 28+-aiFaF3 sin 8=0 which by
transformation to functions of the single angle g
may be expressed as :

45 sin g{(ai-}+a3) Fs2 cos ﬁ-}—'a;Fan} =0 4)

 and —a1FeF3 cos f— Ya(a1+az) Fa? cos 28
— Yo (a1+4a2) Fa3=0 (5)

Solving these two Equations 4 and 5 simul-
50 taneously for cos g and ‘ :

Fy
Fy
55 gives: ]
P [iTE o
Fy " Va+a; ' :
- —_1 .
= (D
60 . ©o8 A : 13+ as6: 4 azay .
. , I+T

The Equations 6 and 7 give the phase displace-

' ment and the flux ratio in dependence on the
65 -distances of the three magnetic. centers of gravity
as involved in the constants a1, a2, az which can
be expressed in terms of the distances dy, ds, ds,
since the torques D1, Da, D3 due to the respec-
~tive pole fluxes f1, /2, f» may be written as follows:

70 . -
Di==kdifi3=aif13, -  di=Fkd,;
Da=Kdaf3==qafs2, aa=kdz

. Dy=kdsfs?=asfs3, . as=kds

75 "Accordi‘ngly, by substitution, the‘Edué.tiOns. 6:
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and 7 can be expressed in terms of di, dz, d3, 8s
follows: : :

(8

€08 P= TTAT dulda + o)+ dah
which may be expressed as follows:
Fi_(ditdi)"
Fy (di-+d)*
and g _
-
cos 8 @+ dy5(di+d)” ®

Consequently for di=0, that is to say, for ar-
rangements according to Figs. 1 and 2, cos g would
be equal to zero and B, accordingly, 80°, a con-
dition impossible to obtain with a shading wind-
ing alone. But if di is pot zero, it is possible
to accomplish the desired action with phase an-
gles less than 90°, which can readily be obtained
with short-circuiting. rin _
immaterial which of the two fluxes Fa and F3 is
leading or lagging. Since

Py
Fs

and cos g depend solely on the relative values

of @y, dz, ds, linear increases of all dimensions do

‘not prodrice a variation in the resultant magnetic
effect. In order to obtain this effect, the two
Equations 8 must be setisfied by suitable propor-
tioning of the determining quantities. This can
be attained, for example, by adjustment of di
(horizontal displacement of the armature ful-

crum). .
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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, & 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 al-
ternating current to establish alternating fluxes
in said projections and said armature, short-

" eircuited winding means on one of said projec-

20

tions for effecting a predetermined: phase dis-.

. placement between at least two of said fluxes,

30

and & pivotal support for said armature so posi-
tioned intermediate the third of said polar pro-
jections and said two polar projections that the

gs. In this case it is 95 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,

5 winding means on one outside leg of said mem-

Referring now to Fig. 6, Ti, Ta and Ts; are Py

curves showing the values of the-torques exerted
on the armature in consequence of the attrac-
tions due to the fluxes fi, f3, and f3, illustrated
by wave forms in Fig. 5. D is the curve of the
algebraic sum of the torques Ty, Tz &and Ts or,
in other words, the difference between T: and
the sum of Tz and T2 Since D is to be substan-
tially independent of the cyclic variation of the
applied slternating current electric quantity when
the armature is in a predetermined position, it
appears 8s & straight line whose distance above
the zerc axis depends on the effective value of
the quantity, .

Pig. 4 illustrates my invention in a specific
emhodiment which is based on - the foregoing
analysts ang in which, for example, d1=-—90.5 (the
armature fulcrum Hes between the legs { and 2),
dz=2, and d3=3. Then according to the Equa-
tion §: cos §=0.258, 5=T5° (attzinable with a
short-clreuited winding),

Fy .
—173—1.29
The contzct K serves for repositioning the
dropped arinature.
I clatm:

1. An clectromagnetic device comprising an
srmeture, & cooperating magnetic membey pre-
seniing aé least three pole faces to said armature,
winding mesns on sald member adapted when
energized from s single-phase source of alterngt-
ing current to establish alternating fiuxes in the
pole faces of sald member and in ssid armafture,
short-circuited winding means on sald meagnetic
member for effecting a phase displacement be-
tween at least two of said fiuxes, and meens

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
sald armature, short-circuited winding means on
the other outside leg of said member for effecting
a predetermined phase displacement between the
fluxes in sald other outside leg and the leg in-

. termediate the two outside legs, and & pivotal
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support for said armature between said inter-
mediate leg and sald one outside leg sc positicned
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 veriation of the alternating current quan-
tity energizing said winding means when.the ar-
mature is in & predetermined position.

4. An electromagnetic device comprising an ar-
mature, a cooperating magnetic member present-
ing three pole faces to said armature, winding
means ¢n said member sdapted when energized
from a single-phase source of alternating current
to establish fluxes /1, f2 and f» having amplitudes
¥, Fa and F3 in the poles of said member and
the armature, the algebraic sum of the fluxes /1,
/2 and /3 entering and leaving the armature at
any instant being substautially zero, short-cir-
cuited winding means on said member for ef-
fecting a phase displacement g between the fluxes
12 and f3, and g pivotal support for sald armature
so positioned at distances di, d2 and ds, respec-
tively, from the centers of magnetic attraction
of said pole faces and relatively to said phase
displacement g and said flux amplitudes Fz and
F3 that

cos 'g_-_-_______':gl.__

(it da) ¥ (dr+ds) ™

and :

Fy_ (d+dy)*
[ CETAL
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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 f3, respectively,
which have amplitudes F1, -F2 and F 3, the al-
gebraic 'sum of the ‘fluxes 71, f2 and f3 entering

and leaving the armature at any instant bejng-
" substantially zero, short-circuited winglix‘lg means
associated with one of said polar projections for i

effecting ‘a predetermined phase displacement g
between the fluxes f2 and /3, and a pivotal sup-
port for said armature intermediate ‘the polar
projections 'in which the fluxes /1 and fs ocour
S0 positioned at distances di, dz2 and ds, respec-
tively; from the centers of magnetic attraction of
said polar projections and relatively to said phase
displacement 3 and’ said flux ‘amplitudes- F2 and
P3 that - '

. ~d;’ :
R R A A A

and

F_(ditd)%
o Fy o (ditdy)%

6. An electroma_gnetic device comprising an ar-
mature, a cooperating magnetic member having.

three polar prejections directeq 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 /1, fz and fs, respectively, which
have amplitudes Fi, F2 and Fs the subnumbers 1,
2 and 3, respectively, indicating the order of said

10

- winding

- ahd
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phase displacement g and said flux amplitudes -

F2 and Fs t_hat

- —d,
R A A ET AL

Fy_ (di+dy)*
“Fy (it dpy* .
7. An electromagnetic device comprising an ar-
mature, a cooperating magnetic member present-
ing at least three pole faces to said armature,
means on'said member adapted when

-energized by a single-phase alternating current -

20
‘positioned -relatively to said:

. the respective pole faces and

.of said member and in

to. establish alternating fluxes in the pole faces
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 armatire for angular movement S0
pole faces that the
attractions between

resultant torque effect of the
the armature when -

- the armature is in a predetermined position and

polar projections in series, the algebraic sum of .

the fluxes 71, f2 and f3 entering and leaving the °

armature at any instant being substantially zero,
short-circuited winding means associated with
the polar projection energized by the flux f3 for
effecting a predetermined phase displacement B
between the fluxes fz and /3, and a pivotal sup-
port for said armature intermediate the polar
projections in which the fluxes J1 and f2 occur
so positioned at distances di, d2 ahd dz, respec-
tively, from the centers of magnetic attraction
of said polar projections and relatively to said

50

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

8. An alternating current electromagnetic de-
vice comprising an armature, a cooperating mag-
netic mermber having at least three pole faces
arranged adjacent said armature so that the Aux
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 energizeq by
& single-phase alternating current to magnetize
the member, means for effecting g 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 saiq sup~
porting means that

produced by the flux on said armature is sub-
. Stantially constant in a predetermined direction
when the armature isina predetermined position
energized by a single-phase
having a constant effective

FRANZ RRAUTWIG.

and said wilding is
alternating current
value.

the resultant torque effect . -



