Aug. 5, 1947. A. H. FAULKNER 2,425,179
SPLIT-PHASE RELAY
Filed July 3, 1944

- INVENTOR.
Aifred H. Faulkner

~ ATTORNEY




Patented Aug. 5, 1947

2,425,179

UNITED STATES PATENT OFFICE

2,425,179
SPLIT-PHASE RELAY

Alfred H. Faulkner, Chicago, Ill., assignor to Au-
tomatic Electric Laboratories, Inc., Chicago,
1ll., a corporation of Delaware

Application July 3, 1944, Serial No. 543,327

8 Claims.
1

The present invention pertains to electromag-
netic relays employing more than one magnet,
and more particularly to an improved alternating
current relay of the split-phase type.

A split-phase alternating current relay conven-
tionally comprises a field structure including two
cores each provided with a winding, a movable
armature carried by the field structure, one or
more sets of contact springs operatively asso-
ciated with the armature, and means for causing
the magnetic fluxes created by the windings when
energized to differ in phase.

The principal object of the present invention
is to provide an improved electromagnetic relay
of the type described which is light in weight,
diminutive in size, economical in construction,
quiet in operation, suitable for operation at audio
Irequencies, and yet reliable, long wearing, and
positive in operation.

Another object of the invention is to provide a
split-phase relay incorporating anti-vibration
means which positively eliminates vibration of the
armature mass from an external source, such as
is encountered when the relay structure is mount-
ed in an airplane, tank, automobile, train or other
vibratory machinery either mobile or stationary,
without subjecting the armature or its bearing
to such stress or strain that the normal operat-
ing characteristics of the relay are thereby al-
tered.

A further object of the invention is to pro-
vide a novel construction of the magnetic struc-
ture which will enable the use of an armature
that is light in weight and has low inertia to fur-

ther prevent the relay from being influenced by °

vibration from an external source.

Still another object of the invention is to pro-
vide a simple and economical means for convert-
ing g direct current relay into a split-phase alter-
nating current relay so as to reduce the number
of manufacturing tools required and to reduce
the number of different parts which the manu-
facturer must stock.

A still further object is to provide a split-phase
alternating current relay having means for ad-
justing the effective area of one of the pole faces
50 as to secure a constant resultant force acting
on the relay armature to prevent chattering.

The above objects are in part realized by em-
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ploying the improved mounting arrangement for
the relay armature including an anti-vibration
means which is descrbed and claimed in the co-
pending application of Fredric E. Wood, filed Feb-
ruary 26, 1943, Serial No. 477,230, which has ma-
tured into Patent No. 2,397,635, granted April
2, 1946.

Other objects of the invention will appear in the
following description taken in connection with
the accompanying drawing in which:

Fig. 1is a side view of the relay.

Fig. 2 is an end view of the relay as seen from
the left of Fig. 1.

Fig. 3 is a top view of the relay as seen from
the top of Fig. 1.

Pig, 4 is a schematic diagram showing one
method of securing two phases for energizing the
two coils from a single phase source.

Essentially, the invention comprises an L-
shaped heelpiece having two cores secured there-
to, each provided with a winding, to form an E-
shaped magnetic structure, an armature pivotally
secured to the heelpiece and extending to a point
between the two cores, an adjustable bridging
member extending from the outer core to a point
between the end of the armature and the inner
core, and a plurality of contact spring sets secured
to the heelpiece in operative relationship with the
armature.

It is recognized that split-phase magnets have
been disclosed in the prior art having an E-shaped
magnetic structure with windings on the center
and on one of the outer legs and with an arma-
ture pivotally secured to the remaining leg and
extending over all three legs. However, this type
of constructure has been found to be unsatisfac-
tory when the relay is exposed to external vibra-
tion due to the relatively high inertia of the ar-
mature. That a very substantial reduction in
the inertia of the armature may be obtained by
the use of the novel magnetic structure herein
disclosed will be apparent when it is recalled that
the moment of inertia of a thin rectangular body
when rotated about one side of the body is pro-
portional to the mass of the body times the square
of the length of the side perpendicular to the axis
of rotation. Thus for a given cross sectional area,
of the armature the mass will be reduced approxi-
mately one-half and the length of the armature,
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which is the side perpendicular to the axis of ro-
tation, will also be reduced by one-half when the
armature extends only half way across the E-
shaped magnetic structure as in the present in-
vention. The momen{ of inertia of the armature
is thus reduced by a factor of one-eighth com-
pared with the previously known construction.
Actually a greater reduction is secured as the ar-
mature extends considerably less than half way
across the field structure.

The construction of the relay will now be de-
seribed in detail with reference to the accompany-
ing drawings.

The construction of the lefthand portion of
the relay in Figs. 1 and 3 is identical to the relay
shown in Figs. 5 and 6 of the copending appli-
cation of Fredric E, Wood previously referred to.
This portion comprises an L-shaped heelpiece |
with a magnet 2 provided with a magnetic core 3
secured thereto by a screw 4 passing through a
clearance hole in the heelpiece | into a thread-
ed hole in the core 3. Two contact spring sets 5
and 6 are secured to a non-magnetic bearing
plate T by four flathead screws 8 passing through
clearance holes in clamping plates 9, insulators
10, contact spring sets 5 and 6, into threaded
holes in the bearing plate 7. The bearing plate
T has a transverse U-shaped slot in it to receive
the bearing pin |1 of the armature 12. The as-

sembly of contact springs and bearing plate T is

secured to the heelpiece | with the bearing pin
11 in the slot in the bearing plate so as to rotat-
ably secure the armature 12 to the heelpiece f
by means of flathead screws 13 passing through

clearance holes in the assembly of contact :

springs and bearing plate into threaded holes in
the heelpiece |. Tubular bushings are inserted
in each of the clearance holes through the in-
sulators 10 and the contact springs 5 and 6 to
insulate the contact springs from the screws 8
and 3. Two arms 14 and 15 projecting at right
angles from the armature {2 and extending on
either side of the heelpiece | have their ends
formed parallel to the heelpiece. One of these
arms 15 has its end normally resting on a non-
magnetic rivet 16 in the heelpiece to prevent the
armature from sticking due to magnhetic leakage
at this point. Each of the arms 15 and (6 en-
gages an insulating buffer such as 17 secured to
the tip of the armature spring of each contact
spring set. An auxiliary spring 18 is tensioned
against the arm 5 so as to silghtly twist the
armature {2 to maintain the bearing pin (1 in
constant engagement with its bearing surface

and at the same time tends to rotate the arma-

ture f2 in a counterclockwise direction (Fig, 1)
to appose any torque produced by external vibra-
tion which might tend to rotate the armature in
a clockwise direction.

The portion of the split~phase relay just de-
scribed is a complete relay in itself suitable for
use on direct current. In order to adapt this
relay for use on alternating current an additional
magnet 19 having a core 20 is secured to heelpiece
I by means of a magnetic yoke 21 by screw 22
passing through a clearance hole in the yoke 21
into a threaded hole in the core 20. The yoke 22
is secured to heelpiece | by four screws such as
23 passing through clearance holes in the yoke 21
into threaded holes in the heelpiece {. A clear-
ance hole is provided in the yoke 21 to clear the
head of screw 4. A bridging member 24 is se-
cured to the opposite end of core 20 by screw 25
passing through an elongated hole 26 in the
bridging member 24 into a threaded hole in the
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core 20. The bridging member 24 is substan-
tially flush with the top of core 3 and may be ad-~
justed so as to vary the area over which it con-
tacts armature 12 when the armature is operated.

The preferred method of manufacturing the
relay is to first complete the lefthand portion of
Figs. 1 and 3 including all adjustments such as
the length of the armature stroke, tension in
the contact springs, and the point in the arma-
ture stroke where the break contacts break and
the make contacts make. The armature stroke
is adjusted by bending arm 15 and is measured
by inserting feeler gauges between the core 3
and the armature 12. The point in the stroke
where the break contacts break or the make con-
tacts make is conveniently adjusted by inserting
the proper size of feeler gauge between the core
3 and armature 12, energizing the magnet 3 on
direct current, and bending the break or make
springs until the contacts barely break or barely
make. Finally the contact pressure is set with~
in the desired limits by tensioning the armature
springs until the relay will operate on a prede-
termined value of current but will not operate on
a smaller predetermined value of current. This
last adjustment is called margining the relay.
The advantage of performing these adjustments
prior to the addition of the second magnet 19 is
that the number of variables is reduced. These
additional variables include the magnetic prop-
erties of the core 20, bridging member 24, and
yoke 21, the number of turns in the coil wind-
ing of magnet 19, and the adjustment of bridging
member 24. A more accurate adjustment of
spring tension and resulting contact pressure can
be obtained when these variables are absent.
After these adjustments are completed the addi-
tional magnetic circuit including magnet 19 is
added and bridging member 24 1s adjusted to se-
cure quiet operation when the relay is energized
with alternating current of the frequency for
which it is intended to be used.

When used on alternating current the mag-

_nets 2 and {9 are energized with currents of
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different phases, preferably ninety degrees apart.
Different phases of a polyphase source may be
used or a single phase source may he used by
inserting a condenser 27 in series with one of
the magnets as shown in Fig. 4. Other known
methods for obtaining currents of different phases
in the two magnets may be used; such as, using
a short circuited winding on one magnet, or mak-
ing one winding highly inductive and the other
highly resistive, although the arrangement shown
in Fig. 4 is preferred. The magnetic fiuxes pro-
duced by magnets 2 and (9 in the air gaps be-
tween core 3 and armature {2 and between bridg-
ing member 24 and armature 12 are also out of
phase and thus there is dlways a resultant torque
acting on the armiature because the individual
torques pass through zero at different times. By
properly proportioning the strengths of the mag-
nets and the effective area of the corresponding
pole faces to the distances between the armature
pivet point 11 and the centers of magnetic forces
acting on the armature at the two air gaps the
resultant torque acting on the armature can be
made constant as follows:

Let

61 sin wt be the flux produced by magnet 2 in the
air gap between core 3 and armature 12,

62 cos wt be the flux produced by magnet 19 in
the air gap between bridging member 24 and
armature 12,



2,425,179

5

A1 be the effective area of the pole face of core 3,

A be the effective area of the pole face of bridg-
ing member 24,

Di be the distance from the pivot point {1 to the
center of Ai, and

D2 be the distance from the pivot point {{ to

the center of As.

Then the torque Ti acting on the armature 2
due to the flux produced by magnet 2 is:

. 1 sin wi 2_D1¢12 .
Tl—AlDl(T> ———Al sin? wt

and the torque T2 acting on the armature 12
due to the flux produced by magnet (9 is,

£\ _ Digy?
T2=A2D2<'¢2—cz;f‘w—>=2;¢;2 Cos? wi

The net torque T acting on the armature is
T14+Ts or

2 2
T==QZ£ sin? wt+D2¢2 cos? wi

A
1 2

Since sin? wi4-cos? wi=1 the net torque T will
be constant when

D1<1512=Dz<}522
A, A,
or
AsDyp?= A1 Dy’

The above calculations have ignored the torque
acting on the armature produced by the flux at
the air gap between the armature (2 and the top
of the heelpiece | because the distance between
the pivot point 11 and the heelpiece is so short
as to make this torque negligible in comparison
to the torques T1 and T: considered. If the arma-
ture is pivoted on the heelpiece this torque would
actually be zero.

It is thus apparent that for given areas A;

and Az the number of turns on the magnets 2
" and 19 and the magnitude of the currents through
them can be varied so as to produce a constant
torque on the armature so as to prevent chatter-
ing. Variation of area As affords an alternative
method of securing the above relation and may
be used to compensate for manufacturing varia-
tions in the relay components or may be used to
cause the resulting torque acting on the arma-
ture to be constant for different values of current
in the relay windings.

While the invention has been described as ap-
plied to a split-phase alternating current relay it
is not intended that it shall in any way be so
limited except as pointed out in the appended
claims. The method of varying the effective areg,
of a magnet pole face, for example, may equally
well be applied to a direct current relay as a
meang for adjusting the value of the force acting
on the armature due to the magnetic attraction
between the armature and the magnet pole face.

Having described and illustrated the invention,
what is considered new and desired to secure by
Letters Patent is distinctly pointed out in the
appended claims.

What is claimed is:

1. In a relay having a substantially E-shaped
core, a first winding on the center leg of the
core, & second winding on one of the outer legs
of the core, an armature pivotally secured to the
other outer leg of the core extending to a point
between said one outer leg and the center leg,
and a bridging member extending from said one
outer leg to a point between said center leg and
the free end of said armature.

2. In a relay having a substantially E-shaped
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core, a first winding on the center leg of the core,
a second winding on one of the outer legs of the
core, an armature pivotally secured to the other
outer leg of the core extending to a point between
said one outer leg and the center leg, and an ad-
justable bridging member extending from said
one outer leg to a point between said center leg
and the free end of said armature.

3. In an alternating current relay including a
field structure and an armature pivotally secured
thereto, a first magnet secured to said field struc-
ture presenting a pole face to said armature at
a distance Ds from said pivot point and having
an effective area Ai, a second maghet secured to
said fleld structure presenting a pole face to said
armature at a distance D2 from said pivot point
and having an effective area A2, and meang for
energizing said two magnets with alternating
currents in time quadrature so as to produce
corresponding magnetic fluxes having amplitudes
¢1 and ¢z, respectively, in said pole faces in pro-
portions which satisfy the following relation:

AaDi1¢12=—=A41Da¢po?

4. In an alternating current relay including a
field structure and an armature pivotally secured
thereto, a first magnet secured to said field struc-
ture presenting a pole face to said armature at
a distance D; from said pivot point and having
an effective area Ai, a second magnet secured to
said field structure presenting a pole face to said
armature at a distance Dz from said pivot point
and having an effective area As, means for en-
ergizing said two magnets with alternating cur-
rents substantially ninety degrees out of phase
so as to produce corresponding magnetic fluxes
having amplitudes ¢: and ¢z, respectively, in said
pole faces, and means for varying the effective
area of one of said pole faces so as to satisfy the
relation:

A2Di1¢p12=A41D2¢22

5. In an alternating current relay comprising
an armature, a cooperating magnetic member
presenting at least two pole faces to said arma-
ture, winding means on said member adapted to
establish alternating fluxes in time quadrature
in said pole faces when energized by alternating
current, and means for adjusting the effective
area of one of said pole faces so that the result-
ant torque acting on the armature due to the at-
tractions between said pole faces and the arma-
ture is substantially constant when said arma-
ture is in a predetermined position and ag long
as the effective value of said current is substan-
tially constant.

6. In a relay, a heelpiece, a magnet secured
thereto, an armature pivotally secured to said
heelpiece in operative relationship with said mag-
net, a device for converting said relay into a
multi-magnet relay comprising a second magnet,
a yoke secured to one end thereof and adapted to
be secured to said heelpiece, and a bridging mem-
ber secured to the other end of said second mag-
net so as to be positioned in operative relation-
ship with said armature when said yoke is se-
cured to said heelpiece.

7. In g relay having a field structure and an
armature pivotally secured thereto, a first mag-
net secured to said field structure presenting a
pole face to said armature, a second magnet se-
cured to said field structure, and an adjustable
extension member secured to the pole face of
said second magnet positioned so as to influence
the operation of said armature.

8. In a relay, a field structure including a heel-
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piece and a pair of magnets secured thereto, an
armature pivotally secured to said heelpiece so
as to permit movement of the armature into
abutment with the pole face of only one of said

magnets, and an extension member secured to 5

the pole face of the other of said magnets posi-

tioned so as to permit movement of the armature

into abutment with said extension member.
ALFRED H. FAULKNER.
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