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This invention relates to direct current re-
lays, and it more particularly pertains to two-
position relays actuated to one position or the
other in accordance with the polarity of its
energization and maintained in its last operated
position when electrical energy is removed.

This application is a continuation in part of
our prior application Ser. No. 697,452 filed Sep-
tember 17, 1946, now abandoned; and claim to
all subject matter of such prior application is
made in this application.

A relay of this character, conveniently called
a magnetic stick relay, has its armature held in
its attracted position by a permanent magnet
after energy of a polarity to cause the attrac-
tion of the armature has been removed from
the relay windings. The armature is restored,
or knocked down, to its opposite position by the
energization of the windings with the opposite
polarity, and is maintained in such opposite po-
sition by a biasing spring and/or gravity act-
ing against the attraction of the permanent
magnet through an increased air gap. Because
of the possibility of the armature of g magnetic
stick relay being picked up by the permanent
magnet alone if such armature is moved slightly
toward the pole faces as by vibration, the use of
such g relay has been generally limited to func-
tions not involving safety such, for example, as
for indicating purposes and the like. .

It is an object of the present invention to pro-
vide a magnetic stick relay that is sufficiently
dependable in its operation to have a greater
range of application because of its adaptability
to withstand severe vibration without its ar-
mature being picked up by its permanent mag-
net alone. This is accomplished, generally
speaking, by employing a relatively stiff spring
for biasing the armature to its restored posi-
tion, in combination an efficient electromagnetic
means for attracting the armature. The use of
the stiff spring limits the excursions of the ar-
mature during vibration to prevent the arma-
ture from becoming svfficiently close to the pole
faces of the core structure of the relay to be
attracted by the permanent magnet alone.

Another object of the present invention is to
provide a magnetie stick relay of the tractive type
which requires substantially the same energiz-
ing current value of reverse polarity in its wind-
Ings to knock its armature down as it does of
normal polarity to pick its armature up.

Other objects, purposes and characteristic
features of the present invention will be in part
obvious from the accompanying drawings and in
part pointed out as the description progresses.
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In describing the invention in detail, refer-
ence will be made to the accompanying drawing
in which corresponding reference characters
identify corresponding parts of differene views
and in which:

Fig. 1 an elevational view of a relay con-

structed according to the present invention with

certain parts shown in cross section; and

Fig. 2 is a perspective view of certain of the
relay elements with certain parts shown sche-
matically for illustrating the mode of operation
of the relay.

Although it will be readily apparent as the de~
scription progresses that the present invention
is applicable to other forms of relays than the
relay R shown in Fig. 1, the disclosure of the
bresent invention is facilitated by applying it
to the plug board type of relay as shown in Fig,
1 because reference can be made to the Merkel
U. S. Patent No. 2,258,123 dated October 7, 1941,
for a more complete disclosure as to the details
of the structure of the relay R, the adjustment
of the armature spring Dressure, and the manner
in which the relay R is readily detachable from
a plug board.

For an understanding of the present invention
it is believed sufficient to consider the relay R of
Fig. 1 as having a base member 10 adapted to
be secured to a plug board by suitable rods, pref-
erably of non-magnetic material, extending
through the non-magnetic tubes (2 which are
suitably secured to the base member (0. A
cover I3, preferably of transparent material, is
secured over the relay contacts and the operat-
ing mechanism to protect them against dust and
mechanical damage, such cover being retained
by the bracket (4 which is threaded on to the
end of the tube 12.

The relay cores 15 and 16 of low reluctance
magnetic material such as silicon steel are se-
cured to a transverse yoke 7 of similar mate-
rial connecting the cores 15 and 16 at their
right-hand ends, and to the base 10, by the
screws 18 and {9 respectively.

The left-hand ends of the cores 15 and 16 are
spaced by a bracket 20 of non-magnetic mate-
rial, the bracket 20 being fitted over the cores 15
and {6 and over the tubes 12. The pole faces
21 and 22 of the cores 15 and 1§ respectively are
suitably secured to the bracket 20 as by the
rivets 23, such rivets being of non-magnetic ma-
terial to serve also as residual pins for providing
2 minimum spacing of the armature 24 away
from the ends of the cores (5 and 18. Such

s§ Spacing in practice is generally about ten thou-

sandths of an inch.
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The armature 24 is formed to extend across
the pole faces 21 and 22 and such armature is
pivoted at the point 24¢ by the knife edge bear-
ing 25. The adjustable spring 25 acts to bias
the armature 28 away from the pole faces to an
extent limited by the adjustment screw 27 strik-
ing the hon-magnetic brackét 28 af the ‘poit
20a.

Connected to the armature 24 is an operating
lever 28 engaging the pusher 28 which is of in-
sulating material and which operates the mov=
able contact fingers 38 to close front contacts 31
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or back contacts 32 in accordance. with the rée-

spective attracted or restored positions of the
armature 24. The contact tips 33 serve to pro-
vide 2 means of detachably coupling the respecs
tive contact fingers to a suitable plug board (not
shown). . .
The relay windings 34 and 35 are assembled
“ovet the réspective cores 15 and 18, and they are
restricted against loheitudinal movement by the
‘permarient magnéts PM1 and PM2. The spacers
36 of insulating material at the right-hand end of
the windings 34 and 35 insulate such windings
from thé permanent magnets PMi and PM2; and
the spacers 31 ab the left-hand end of the wind-
ings 34 and 35 insulate such windings Trom the
non-magnetic bracket 20. o
Each of the windings 34 and 85 has its léad
irss 38 suitably attached to respéctive contact
‘tips 33 to provide for their detachable connection
to contacts of a plug board (not shown). Al-
though only one vertical row of contact tips 38
is shown in Fig. 1, 1t 1§ to be understood that other
Tows of tips aré provided for the connection of
the respective lead wires 38 and for the ‘connec-
‘tion of other contact fAngers than those illus-
trated. L he
The permanent maghets PM{ and. PM2 are
clamped on opposite sides: of the cores 15 and 18,
and they have like poles associated with the reé-
spective cores. The cylindrical cores I5 and (8
have flat finished surfaces 15a and {6a respec-.
tively ¢see Fig. 2) for ‘contacting the finished sur-
fades at points 38 and 48 of the permanent mag-
“het PML. Although not as clearly illustrated, the
magnet PM? is'similarly fitted against the cores

“¥5 and 18 on the opposite side from the perma-,,‘s
B0

nent magnet PMY. The flattened portions 15a
sand '(6a at the right hahd ends of the cores 15
and 18 cauges the cores to be of reduced Ccross-
séetion. It will be rioted that the ‘cross-section

‘of the pérnanent miagnets PM1 and PM2 is sub-

the ecross-zection of the
Zorés 15 and 16 5o that a strong magnetic field
may be set up in the cores, even though tlie actu-
a1 length of the magnéts must be short because

‘stantially gréatér than

of the short lateral spacing betiveen the‘cores 15, .

and 16. . ‘ ,
__Although the permanent magnets PMI ‘and
M2 may be formed of several different types of
‘permanent magnet material, it has been found
that the material identified by the trade niame of
Alnico Red Streak Steel is particularly satisfae-
tory because of the high coercive force required
to demagnetize it. The magnets PM{ and “PM2
are securely clamped to the cores {5 ahd I6 By
the bolts 4f which have their heads Fecessed into
the cavities 42 formed in the permanent magnets.
The spacer block 43 of non-magnetic material is
disposed between the magnets PM1 and PM2 to
limit the ‘strain on the magnets when the bolts
41 are drawn tight, and such spacer also serves
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‘of the permanent magnets.
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to properly align the magnets PMI{ and PM2 with
the cores 15 and 16.

To consider the mode of operation of the re-
1ay R, it will be assumed that such relay is used in
a circuit which can be energized with one polarity
or the other or can be deenergized. A circuit of

this’ charactér is shown, for example, in Fig. 2

Whish shows the switch SW as having a center
position in which the windings 34 and 35 of the
yelay are deenergized, a right-hand position in
which the windings 34 and 35 are energized with
one polarity, and a left-hand position in which
the windings 34 and 35 are energized with the
opposits polarity. The armature 24 I illustrated
in Fig, 2 as being in its restored position because
it is assuined that the relay R was last energized
Wwith & polarity To cause it to be knocked down
as by the operation of the switch SW to its right-
hand position. )
.. With no energy applied to the electromagnet,
the lines of flux of the respective permanent
magriets 15 ‘divided into two magnetic_circufts.
Ohe cifcuit for the permafient magnet PNt cah
be traced fromn the upper pole of the perménent
Tagnet PMI, through the left=hand portion of
the coré 15, the armature 24, and the left-hand
portion. of the core I8, to the lower pole of the
pérmansnt magnet PMI. Another magnetic cir-
Guit for the permanent magnet PMIi extends froi
the 1upper Pole of that magnet, including the
right-hand end of the core 15, the yoke 11, and
the right-hiand end of the ‘core 16, to the lower
Pole of the permanent magnet PMI. The mag-
‘Tietic circuits for the permanent magnet PM2 are
the same and have the same polarity.
. Assuminig theé switch SW to e ‘operated to its
léft-hand position for ‘applyig energy to the
windings 34 and 35 of the relay for picking up the
‘srmature 28,4 circuit becomes energized extend-
ing fiom the positive termifal of the battery o8
including contact 45 of the switeh SW in its left-
hafid position, relay wiliditig 35, relay winding 34
and contact 45 of the switch SW, to tiie tegative
terminal of the battery 44. v
The énergization of this cireilit causes a flux to
be sét up in the electrothaghnet to establish the
‘pole face 21 as 4 naorth pole, ‘afid the pole face
g2
{hat the poles of tlie electiomagnet thiis estab-
lished at the polé faces 21 and 22 corresporid with
tHe polés established at such pole faces by the ‘fAux
¢ , _In other Wwords, the
eléctromagnetic flux is established in a direction
t0 add to theflux of the perfanent thagnets PMI
and PM2 through the armature 28 to'an extént to
actuate the armature 24 o its attracted position
limited by engagement with the non-magnetic
‘residual pins 23 and the adjustable Hhon-mag-

netic residial serew 47

he reduction of the air gap between the arma-
ture 24 and the pole faces 21 ‘and 22 by the pick-
ing up of the armature 24 provides a magnetic
circuit of sufficiently low reluctance that a suf-
ficient number of lines of fliix from-the perma~
nent magnets PMI and PM2 links the-armature
24 to maintain such armatyre in dts picked up
position after the switch -SW is restored -to its
center position to open the circuit which- has
peen described for the energization of the wind-

-ings 34 and 35 at contacts 45 and 48,

To consider the mode of operation of the relay

‘R for the. restoration of the armature 24 to its

“knocked-down -position, it will be -assumed -that
_ -the switch 8W is operated to its right-hand posi-
5 ings 3

tion to causethe energization of the windings 34
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and 35 with the opposite polarity from that em-
ployed for picking up the relay. With the switch
SW in its right-hand position, the windings 34
and 35 are energized by a circuit extending from
the positive terminal of the battery 44, including
contact 45 of switch SW in its right-hand posi-
tion, relay winding 34, relay winding 35 and con-
tact 46 of the switch SW in its right-hand posi-
tion, to the negative terminal of the battery 44.

The energization of the windings 34 and 35 as
described above, with the switch SW in its right-
hand position, establishes an electromagnetic flux
in the left-hand ends of the relay cores 15 and
{6 in a direction to oppose the flux of the per-
manent magnets PM{ and PM2 to an extent to
weaken the total flux in the armature 24 and its
working air gap and thus allow the action of the
relatively stiff armature spring 26 to restore the
armature 24 to its restored, or knocked-down,
position.

When the armature 24 is operated to its
knocked-down position, the air gap between the
armature 24 and the pole faces 21 and 22 is in-
creased te an extent to render the flux set up by
the permanent magnets PM( and PM?2 through
the armature 24 of insufficient strength to at-
tract the armature 24 to its picked-up position
without the aid of the electromagnet.

In connection with the theory of operation of
the relay R, it should be noted as previously
pointed out, that the permanent magnets PMI
and PM2 provide flux for two magnetic circuits,
one magnetic circuit extending through the ar-
mature 24, the air gaps, and the portions of the
cores 15 and 6 to the left of the permanent
magnets PM{ and PM2, and the other magnetic
circuit extending through the yoke 17 and the
Hattened portions 15¢ and 16z of the cores to
the right of the permanent magnets PMi and
PM2. It will be noted that the latter magnetic
circuit through the yoke i7 is shorter than the
other magnetic circuit through the armature and
air gaps, and also includes no air gap, so that it
is of low reluctance and may become substantially
saturated.

Assuming energy to be applied to the windings
24 and 35 of the electromagnet with a polarity for
picking up the armature 24, the electromagnetic
flux set up in response to such energization of
these windings acts in series, so to speak, with
the permanent magnets to strengthen the mag-
netic flux already existent in the magnetic circuit
through the armature 24 and its air gaps. If the
permanent magnets PMI and PM2 provided the
only path for the magnetic flux produced by such
energization of the windings 34 and 35, the in-
crease in flux through the armature and its air
gaps would be limited by the high reluctance of
these permanent magnets. However, there is an-
other magnetic circuit for the electromagnetic
flux, due to such energization of the windings 34
and 35, through the soft iron yoke 17 and reduced
portions 15a and 16¢ of the cores 15 and {6, The
magnetomotive force provided by the energization
of the windings 34 and 35 for picking up the
armature 24 is in a direction to send fiux through
this other magnetic circuit including the yoke {7
in an opposite direction to the flux provided by
the permanent magnets PMI and PM2, so that
if any part of this magnetic circuit, such as
flattened core portions {5¢ and {6a are of such
cross section as to be substantially saturated by
the permanent magnets PM{ and PM2, the elec-
-tromagnetic flux of the bick-up energization of
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the windings 34 and 35 is in an opposite direc-
tion to the permanent magnet flux and may read=
ily pass through this magnetic circuit. It is by
use of this magnetic circuit for electromagnetic
flux that the electromagnet is made sufficiently
efficient to cause attraction of the armature de-
pendably with low values of operating current.

Let us now consider the case where the arma-
ture 24 is being held in its attracted position by
the flux of the permanent magnets PMIi and
PM2, and the windings 34 and 35 are energized
with current of the other or reverse polarity to
knock down the armature. Under such condi-
tions, the magnetomotive force due to such re-
verse energization of the windings tends to create
flux in the cores 15 and 16 through the arma-
ture 24 in a direction opposite to the flux being
provided by the permanent meagnets PMI and
PM2; and the resultant fux through the arma-
ture 24 is thus reduced sufficiently for its biasing
spring 26 to move it to its retracted or knocked
down position. In order that the armature 24
may thus be knocked down, the magnetomotive
force created by the reverse or knock-down en-
ergization of the windings 34 and 35 has to be
sufficient to reduct the flux from the permanent
magnets through the armature 24 below the value
needed to overcome the force of the biasing
spring 26 while the armature 24 is in its at-
tracted position and the air gap between it and
the pole pieces 21 and 22 is at minimum; but in
the various applications and uses of the relay, the
reverse or knock-down energization of the wind-
ings 34 and 35 may be greater than this operat-
ing value, due to variations in the source of volt-
age and the like, and these windings may pro-
vide a magnetomotive force greater than needed
to neutralize the holding effect of the perma-
nent magnets upon the armature 24. In order
that such excess energization of the winding with
reverse or knock-down polarity, which may bhe
maintained for sometime after the armature 24
has assumed its retracted position, may not pro-
vide sufficient flux in the reverse direction
through the armature and air gap to either hold
the armature 24 attracted or pull it back again to

- its attracted position, the magnetic circuit
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through the yoke 11 and the reduced portions
15a and 16a of the cores to the right of the per-
manent magnets PM{ and PM2 are proportioned
so as to be substantially saturated by the perma-
nent magnet flux, or at least magnetized to a
degree that this magnetic circuit is not capable
of conducting much more flux in the same direc-
tion as the permanent magnet flux.

In this connection, it will be noted that the en-
ergization of the windings 34 and 35 with the re-
verse or knock-down polarity tends to send flux
through the flattened core portions (5¢ and {6
and yoke 17 in the same direction as the perma-
nent magnets PM| and PM2. With such propor-
tioning of the parts, the windings 24 and 35 may
be energized with current of the reverse polarity
much more than needed to release the arma-
ture, and still not cause the armature to be again
attracted, since the magnetic cireuit through the
yoke 17 is then substantially saturated for flux
having a direction as produced by the reverse or
knock-down energization of these windings.
Hence, the energizing current of the reverse po-
larity may assume values much greater than
needed to release the armature without icausing
the armature to be picked up again. This enables
the relay to be properly operated with wide varig-
tions in its operating currents.
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.- Sinee it is usually desirable to operate such a
relay from a single source of energy, it-is -desir-
able in the interests of efficiency for the relay to
have the same pick-up and drop-away values;
and at the same time have an adeguate margin
of safety against false pick-up by an over-ener-
gization of the relay by reverse or knock-down
polarity.

One way of adjusting the relay of this inven-
tion to obtain these characteristics is to first ad-
just the biasing spring 26 to the value required to
hold the armature down against the vibrations
and shocks to which it may be subjected. - Such a
biasing means is provided not only to give back
contact pressure but to also prevent the arma-
ture from being picked up by the permanent
magnet flux alone both normally and under con-
ditions of vibration which might occur ‘and cause
small reductions to be made in the air gap by
slight ‘excursions of the armature under such
conditions. ]

With the bias spring pressure thus selected, the
permanent magnets are then caused to have the
proper strength so that the pick-up and drep-
away values of energization of the windings 34
and 35 are the same. If the pick-up value is
greater than the drop-away value, then the per-
manent magnet is too weak. On the other hand,
if the drop-away value is higher than the pick-

up value, then the permanent magnet is o0 |

strong. In fact, pick-up and drop-away Curves
may be plotted for different strengths of the
magnets. These respective pick-up and drop-
away curves when plotted on the same coordi-
nates intersect each other because such curves
vary in opposite relationships. That is, as the
permanent magnet strength is increaszed the pick-
up -operating current decreases, while the knock=
down current increases as magnets of greater
strength are employed. The point of intersee-
tion of the two curves represents the particular
permahnent magnet strength that can be used in
the combination with the selected biasing spring
pressure to give the same pick-up ardd knock-
down valuss of current. The operating value of
current for the relay for this particular strength
of permanent magnet should of course be as low
a value as possible particularly when the relay
is to be remotely controlled over 2 line circulb
whare it is desirable to conserve power.

This feature of providing the same pick-up
and drop-away. values for a relay of this type
eould not be obtained in prior art relays since
sufficient protection -against erroneous pick-up
by reverse polarity could not be obtained. When
the pick-up and rclease values were made the
same in such prior art relays, a fairly small in-
erease in reverse pick-up current would either
cause the armature to hold up, if the reversal was
quick, or cause it to erroneously pick-up again
after it -had been released.  Also, a slight de-
erease in biasing spring pressure, or a slight de-
crease in magnetic strength, as a result of wear
and ageing would cause the relay to ke subject
to the undesired reverse pick-up upon-a relative~
1y small increase in eurrent. For this reason, the
prior arb relays usually required . greater pick-
up-current values than drop-away current values
with compensating resistors employed for. the
gdifferent polarities of -energization of the relay
windings. o :
- -As previously explaired, the magnetic eircuit
of the present relay including back yoke IF and
the redueed core sections 15¢ and t6a is substan-
tially saturated when the reverse or knock-down
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polarity of energization is applied to the wind-
ings 24 and 35. For this reason, these windings
are relatively inefficient for producing fux
through the armature and its working air gaps

. upon such reverse energization. Because of this

characteristic of the relay structure to render the
windings inefficient to produce flux beyond the
amount required to oppose the permanent mag-
net flux and cause ‘the armature to drop away,
the relay may be constructed to have the same
or comparable pick-up and drop-away values for
normal working voltages without any improper
operation of the armature in the case of excessive
reverse energization, In fact, the application
of energy of reverse polarity of several times the
normal working voltages will neither cause the
armature to remain picked up nor cause it to be
again picked up after the armature has once been
knocked down.: In one form of relay constructed
to embody the principles of the present inven-
tien, it has been found that over eight times nor-
mal working voltage must be applied in the re-
verse direction before the armature will pick up.
This assures the proper operation of the relay
under all circumstances in spite of variations in
the voltage supply or in the deterioration of bias-
ing springs, magnets or the like.

Having thus described one specific magnetic
stick relay as one embodiment of the present in-
vention, it is desired to be understood that this
form is selected for the purpose of facilitating
the disclosure of the present invention rather
than to limit the number of forms which the
present invention may assumse, and it is to be
further understood that various adaptations, al-
terations and modifications may be applied to the
specific forms shown to meet the requirements of
practice without in any manner departing from
the spirit or scope of the present invention ex-
cept as limited by the appending claims:
~ "What we claim is:

1. A magnetic stick relay for attracting and
releasing a biased armature in respouse to ener-
gization of opposite polarities respectivelv and
also maintaining said armature in ifs last actu-
ated position during deencrgization of the relay,
said relay comprising in combination, a pair of
cores with enlarged pole pieces at corresponding
ends, a permanent magnet and a yoke of mag-
netic material connectzd across said cores at thelir
other ends, said yoke providing a magnetic shunt
path for said permanent magnet and such path
peing proportioned with respect to said perma-
nent magnet to be substantially saturated by the
permanent magnet alone, a movable armature
extending across said pole pieces, said armature
‘being biased to its retracted position by a foree
permitting said permanent magnet alone to hold
said armature in ‘its attracted position in oppesi-
tion 1o -said biasing foree but preventing said
‘permanent magnet alone from moving said arma-
ture from itsretractzd position, a winding located
on said cores between said permanent magnet
and said pole pieces, said winding when energized
with one polarity of current acting to send flux
through:said pole pieces and armature in addition
to the flux provided by said permanent magnet
and thereby actuate said armature to its at-
tracted  position, said winding when energized
with the epposite polarity of current of & com-
parable intensity acting fo reduee the flux
through ‘the :pole pieces and armature provided
by said permanent magnet and thereby cause
said armature to-assume or remain in its retracted

‘position, szid permanent magnet being of a ma~
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terial to withstand the demagnetizing effect of
-energization of said winding with such opposite
polarity, said armature under the influence of
the permanent magnet alone and while’ said

winding is deenergized remaining in the attracted .

or retracted position resulting from the imme-
diately preceding energization of said winding.

2. A magnetic stick relay for actuating a biassd
.armature in response to the polarity of enargiza-
tion of the relay and also maintain said arma-
ture in its last actuated position during de-
energization of the relay, said relay compris-
ing a pair of parallel corzs connected ‘at one
end by a magnetic back yoke and having en-
larged pole pieces at the other end, a permanent
magnet connected across said cores adjacent
said yoke, coils on said cores between said per-
manent magnet and said pole pieces, a movable
armature cooperating with said pole pieces and
biased to its retracted position by a foree per-
mitting sa‘d permanent magnet alone to main-
fain said armature in its attracted positicn but
preventing actuation of said armature from its
retracted position by the permanent magnet
alone, said yoke being proportioned with re-
spect to said permanent magnet to be substan-
tially saturated by the flux from the permanent
magnet alone, said coils when energized with
one polarity acting to add to the magnstic fux
through said pole pieces and armature as pro-
vided by said permanent magnet and thereby
actuate said armature from its biased position
to its attracted position, the magnetic flux in
said yoke provided by the energization of said
coils with said one polarity being in a dirzetion
opposite to the direction of permanent magnet
flux and thereby enabling said yoke to provide
an efficient magnetic circuit through the arma-
ture for the flux provided by the energization of
said coils with said one polarity, said coils when
energized with the opposite polarity acting to
oppose the flux of the permanent magnet
through said pole pieces and armature and
thereby cause said armature to move to or to re-
main in its retracted position, said permanent
magnet being of a material to withstand the
demagnetizing effect of energization of said
winding with such opposite polarity, the magnetic
flux in said yoke provided by the energization
of said coils with said opposite polarity being
in the same direction as the direction of the
permanent magnet flux already saturating said
yoke thereby rendering said coils inefficient in the
production of magnetic flux through said arma-
ture when thus energized with such opposite
polarity so that many times its normal ener-
gization will not cause improper actuation of
sald armature, said armature under the influ-
ence of said permanent magnet alone and while
said coils are deenergized remaining in the po-
sition to which it was last actuated by the po-
larity of energizat'on of said coils.

3. A magnetic stick relay of the type described
for actuating a biased armature in response to
the polarity of energization and also maintain-
ing said armature in its last ovnerated position
during deenergization, said relay comprising, a
pair of parallel cores connected at ons end by a
hack yoke of limited cross section and having
enlarged pole pieces at the other end, a perma-
nent magnst clamped across said cores adjacent
said yoke, said yoke being substantially saturated
with flux from said permanent magnet, coils on
said cores located between said permanent mag-
net and said pole pieces, a pivoted armature
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extending across said pole bieces, an adjustable 75
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-spring for biasing said armature to its retracted
-position, the biasing force of said spring per=
-mitting "the flux from said permanent magnet

alone to hold the armature in its attracted po-
sition but preventing movement of the arma~-
ture from its retracted position by the flux from

‘the permanent magnet alone, said coils when
-energized with one polarity acting to provide flux

in a magnetic circuit through said armature and
including said cores and yoke with such flux in
the pole pieces and armature being in the same
drection as the flux from said permanent magnet
and thereby overcoming the force of said biasing
spring to move the armature to its attracted
position, said coils when energized with current
of the opposite polarity acting to oppose the
permanent magnet flux through the armature
and therehy cause said armature to assume or
remain in its retracted position, said perma-
nent magnet being of o magnetic material ca~-
pable of ma‘ntaining its magnetic strength un-
der the influence of the electromagnetic flux
when such coils are energized with said oppo-
site polarity, the magnatic flux in said yoke pro-
vided by the energizaticn of said coils by cur-
rent of said opposite polarity being in the same
direction as the flux produced therein by the
permansnt magnet, said yoks heing svbstan-
tially saturated by the permanent magnet flux
alone acting to increase the reluctance of the
magnetic circuit through the armature to mag-
netic flux tending to be produced by energiza-
tion of said coils by current of said opposite po-
larity, thereby reducing the tendency for the
armature to be actuated to its attracted po-
sition by energ'zation of said coils with cur-
rent of said opposite polarity, said permanent
magnet acting alone and while said coils are
deenergized to cause said armature to remain
in the position last actuated by the polarity of
energization of said coils.

4. A magnetic stick type relay for attracting
and releasing s biased armature in response to
energization of currents of opposite polarities
respectively and also maintaining said armature
in its last actuated position while the relay is
deenergized, said relay comprising in combing-
tion, a pair of cores with enlarged pole pieces at
corresponding ends and with portions of reduced
cross-section at their other ends, a yoke of mag-
netic material connected geross said cores at their
said other ends, a permanent magnet located ad-
jacent said yoke and making intimate magnetic
connection with said two cores at their portions
of reduced cross-section and being so propor-
tioned relative to said cores and said yoke as to
cause the substantial magnetic saturation of the
shunting magnetic path including said yoke, a
movabkle armature pivoted adiacent said pole
bieces with an intervening working air-gap but
said armature being biased away from such pole
pieces by a force preventing flux from said per-
manent magnet alone from attracting said arma-
ture to a picked up position but such force being
sufficiently small to permit flux from the perma-
nent magnet to hold said armature in picked up
position, windings located on said cores between
said yoke with its adjacent permanent magnet
and said pole pieces, said windings when energized
with current of one polarity being effective to pro-
duce flux through said working airgap and arma-
ture in addition to the flux provided by said per-
manent magnet to thereby attract said armature
to its picked up position, said windings when ener-
gized with current of the opposite polarity acting
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to reduce the permanent magnet flux through tl.xe REFERENCES CITED
airgap and armature and thereby allow sald mpe following references are of record in the
armature to assume its biased position, said per- file of this patent:

manent magnet being of such material and having

such 3 residual magnetism as to allow the aftrac- UNITED STATES PATENTS

&

tion and release of said armature in response to Number Name Date
the same degree of energization of said windings 362,135 WilSOn v e May 3,:1887
with said currents of opposite polarities respee- 1,176,421 Beach oo Mar. 21, 1916
tively without losing such residual magnetism. 1,792,318 O'Meara e Feb. 10, 1931
JOSEPH E. WILLING. 10 2,130,871 Boehne e Sept. 20, 1938
GEORGE E. DUFFY, Sz. 2,258,123 Merkel .o Oct. 7, 1941
CARL E. STEVENSON. 2,301,992 Agnew . ___ Nov. 17, 1942
2,376,534 Field — o May 23, 1945

2,414,583 Duffy, Sr. e _. Jan. 21, 1947




