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The present invention relates to tractive armature re-
lays of a type, often known as “latched” relays, in which
a latch arrangement acts, when the armature has been
picked up to the energized position due to energization
of the operating coil of the relay, to maintain or hold
up the armature in that position upon deenergization of
the operating coil unless and until the latch arrangement
is rendered ineffective, whereupon the armature is free
to assume the released position.

This application is a continuation-in-part of my co-
pending application for Letters Patent of the United
States, Serial No. 635,656, filed on January 23, 1957, en-
titled Magnetic Latch for Plug-in Relays, and now
abandoned. :

Heretofore, in a certain class of relays known as a
two-position magnetic. stick relay, it has been proposed
to interpose a permanent magnet between the cores of
two separate operating coils associated with a single
armature. The permanent magnet sets up a magnetic
flux in the magnetic circuit including the cores and the
armature, and to pick up the armature to the energized
position this magnetic flux is strengthened by electro-
magnetic flux set up by energization of the operating
coils with current of the appropriate polarity. The re-
duction of the air gap between the cores and the arma-
ture by picking up of the latter to the energized position
enables the permanent magnet to hold the armature in
that position on subsequent deenergization of the op-
erating coils and consequent removal of the strengthen-
ing electromagnetic flux. A disadvantage of the above
type of relays is that in order to permit the return of
the armature to the released position, it is necessary to
energize the operating coils with current of opposite
polarity to set up in the magnetic circuit an electromag-
netic flux which opposes the magnetic flux due to the
permanet magnet to thereby neutralize the holding
force.

Accordi'ng to the present invention the above disad-
vantage is eliminated by providing, in a tractive arma-
ture relay, a latch arrangement comprising a permanent
magnet mounted in fixed relationship to the relay frame
and arranged to exert on the armature, in its energized
position, an attractive force sufficient to hold the arma-
ture in that position, and an electromagnetic release coil
or trip coil which is additional to the operating coil or
coils of the relay and which is energizable to produce a
magnetic force opposing the said attractive force to an
extent sufficient to allow release of the armature.

" More particularly, according to the present invention,
a tractive armature relay is shown comprising a- first
magnetic circuit extending in part through the arma-
ture and including a core having an operating coil there-
on. A second magnetic circuit is provided also ex-
tending in part through the armature, the remaining ex-
tent of the second circuit being at least in part separate
from the first circuit and including a permanent magnet
with a shunt path therefor. In the second circuit a core
is provided having thereon a release coil additional to
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the operating coil. The permanent magnet is effective,
on the picking up of the armature to the energized posi-
tion by energization of the operating coil, to hold the
armature in that position on deenergization of the operat-
ing coil, and the release coil is energizable to allow re-
lease of the armature. It will be evident that the action
of the latch arrangement in holding up and releasing the
armature is independent of energization of the operating
coil of the relay.

In one arrangement of the relay according to the pres-
ent invention, a permanent magnet extends between a
pair of spaced pole piece members of magnetizable ma-
terial, which pole piece members are spanned by a fur-
ther member of magnetizable material to establish the
shunt path for the permanent magnet. A release coil
may be wound either on the last-mentioned member, or
may be wound as a single coil, or as separate coils on
one or both of the pairs of spaced pole piece members.
In the former case the redistribution of flux resulting
from energization of the release coil has the effect of
boosting the permanent magnet and therefore there can
be no tendency to demagnetize the permanent magnet.
In the latter case the effect is opposite but by using a
permanent magnet having a high resistance to demag-
netization and by proportioning the members of the mag-
netic circuit in accordance with well-known principles,
demagnetization of the permanent magnet may be
avoided.

The invention will be further described, by way of ex-
ample, with reference to the accompanying drawings in
which like reference characters refer to hke elements
throughout, and, in which:

Fig. 1a shows in elevation view, one form of a latch
arrangement in accordance with the present invention-as
applied to a small size relay of the plug-in type; only
those parts of the relay concerned with the operation
and mounting of the latch arrangement being shown in
the figure;

Fig. 15 is a plan view of Fig. 1a;

Fig. 2a shows diagrammatically an elevation view of
another form of latch arrangement in accordance w1th
the present invention;

Fig. 2b shows an end view of Fig. 2a, as seen from
the right-hand side thereof;

“Fig. 3a shows, also dlaglamrnatxcally, an elevation
view, of another form 'of latch arrangement in accord-
ance with the invention;

Fig. 3b shows an end view of Fig. 3a, as seen from the
right-hand side thereof;

Fig. 4a shows, also dlgrammatlcally, an elevation view,
of a modified form of the latch arrangement of Fig. la;

Fig. 4b shows an end view of Fig. 3a as seen from the
right-hand side thereof; and

Figs. 54 and 5b are views correspounding respectively
to Figs. 2a and 25, of a modification of the arrangement
of Figs. 2a and 25, adapted to subject. the armature to
a holding force in the released position as well as in the
energized position.

Referring to Figs. 1a and 1b, a heelpiece 11 of the
relay frame supports the operating coil 12 wound about a
core 13. Pivotally mounted on the horizontally extend-
ing portion of the heelpiece by means of a split bearing
pin 14 is an armature carrier 15 to which is fixed an
L-shaped armature 16 having a dependent limb 16a co-
operating with” the core 13, and a limb 165 extending
substantially parallel to and spaced from the horizontally
extending portion of the heelpiece 11. The armature 16
is connected mechanically, by means- which are not
shown, with the movable contact or contacts of the relay.
The armature 16 is balanced to gravitate to the released
position shown in the drawing, the released position being
determined by engagement of an adjustable set screw 17
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with the heelpiece 12. By means of the latch arrange-
ment now to be described, the armature may also be
retained in the energized position determined by engage-
ment of the dependent limb 164 thereof with the core 13,
even though the operating coil 12 is deenergized.

The latch arrangement is assembled as an independent
unit on a bracket 18 of nonmagnetizable material, which
when secured to the heelpiece 11 supports the latch
arrangement above the free end of the limb 165 of the
armature. The arrangement comprises two spaced apart
pole pieces 1%a, 18) secured by screws 28 to the bracket
18 to project therefrom in parallel relationship. The
lower ends of the pole pieces present pole faces 21 cut at
the angle assumed by the cooperating surface of the limb
165 when the armature is in the energized position so
that a uniform air gap pertains betwzen the faces and
the armature when the latter is in the energized position.
Sides 1%, 194 of the pole pieces 1%9a and 19), respec-
tively, abut the bracket 18. A permanently magnetized
bar 22 is interposed between the pole pieces 9z and
13b with its oppositely polarized ends or poles in con-
tact therewith; the bar 22 being fixed therebetween by
bonding with a suitable substance and terminating short
of the pole faces 21. Adjacent the other pair of sides
19¢, 18f of the pole pieces 19¢ and 19b, respectively,
there is a core piece 23 spanning the pole pieces; this
core piece 23 being fixed to the pole pieces by screws 24
which act as a shunt path for the permanent magnet 22.
The core piece 23 carries, over a middle portion thereof,
a release or trip coil 25. The core piece 23 may be in
direct contact with the pole pieces 194 and 195 as shown,
or alternatively, shims of a nonmagnetizable material may
be interposed between the pole pieces and the core piece
to adjust the reluctance of the magnetic circuit through
the latter. The electrical connections to the trip coil 25
are separate from those to the operating coil 12 of the
relay so that these two coils can be energized inde-
pendently.

When the armature 16 is in the released position, the
air gap between it and the pole faces 21 is such that
the attractive force of the permanent magnet 22 is in-
sufficient to lift it. However, when the armature 16
assumes the energized position, the air gap is diminished
to such an extent that the flux due to the permanent mag-
net 22 which now passes through the armature is suffi-
cient to hold it in the energized position when the operat-
ing coil 12 is deenergized. The trip coil 25 is so adapted
that when energized it produces a magnetic flux strength-
ening that already present in the core piece 23 due to
the permanent magnet 22; and, since the core piece is in
a magnetic circuit parallel to the circuit through the
armature 16, the flux produced by the coil 25 reduces the
flux in the armature circuit to such an extent that the

armature is allowed to return to the released position.

Thus when once the operating coil 12 has been energized
to lift the armature 16 to the energized position, the
armature is “latched” or is held in that position when the
operating coil is" subsequently deenergized unless and
until the trip coil 25 is energized. Momentary energiza-
tion of the trip coil 25 will, of course, suffice to allow
release of the armature 16. To avoid energization of the
trip coil for longer than is necessary it may be supplied
through a front contact, not shown, of the relay.

It will be evident that in this case there is no tendency
for the trip coil 25 to demagnetize the permanent magnet
22. Preferably, however, the permanent magnet 22 is
made of a material such as that sold under the trade

"name “Alcomax III,” which will maintain a fairly
constant flux output with varying magnetomotive force.
Otherwise energization of the trip coil 25 is likely to
cause an increase in the flux of the permanent magnet
22 and the trip coil would be required to supply addi-
tional magnetomotive force to counteract the effect on
the armature 16 of such an increase of flux.

While in the drawing, the latch arrangement is shown
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4
applied to a relay in which the armature 16 is returned to
the released position by gravity, it is equally applicable
where the return force is supplied by a spring biasing the
armature towards the release position.

Referring to Figs. 2a and 25, the latch arrangement
shown therein is modified firstly to suit a different con-
struction and disposition of the main components of the
relay, the armature 39 being in this case in the form of a
flat plate which is pivotally mounted at one end 31 to a
fixture 32 on the heelpiece 33. The operating coil 34
and its core 35 are supported by the heelpiece on an
axis perpendicular to the general plane of the armature
3¢ and there is provided on the armature a lug 36 to
which is attached an arm (not shown) in turn connected
to the movable centact or contacts of the relay.

The latching arrangement is constructed considerably
longer in one dimension than in the others and is sup-
ported in fixed relationship with the heelpiece 33 with
the longest dimension parallel to the axis of the operat-
ing coil 34. The trip coil is divided into two separate
coils 37, 38 which are wound one about each of core
sections 67, 68 fermed on two spaced apart pole pieces
39, 40 presenting pole faces 41, 42 towards the armature.
The coils 37, 38 are connected electrically either in series
or in parallel so as to be energizable simultaneously.
The permanent magnet, in the form of a magnetizable
bar 43, is iaterposed, and fixed by a bonding agent, be-
tween the pole pieces 32, 48 on the side of the coils 37,
38 remote from the armature 38. Adjacent the perma-
nent magnet 43 a yoke 44 of magnetizable material spans
the ends of the pole pieces 39 and 40. Shims 52 of non-
magnetizable material are shown interposed between the
yoke 44 and the adjacent ends of the pole pieces 39, 48,
and between the yoke and the heelpiece 33. A shim 53,
similar to shims 59 is inserted between the pole faces 41
and 42 and the armature 3%, which shim, as illustrated,
is attached to the armature by rivets 45. The shim 59
between the yoke 44 and the heelpiece 33 is such as to
maintain the substantial magnetic isolation of the latch
arrangement necessary in the illustrated example, while
the remaining shims serve to adjust the reluctances in
the various portions of the magnetic circuit formed by
the latch arrangement.

The latch arrangement acts to hold the armature in
the energized position in exactly the same way as the
arrangement according to Figs. 1 and 15, and, as pre-
viously, energization of the trip coils 37, 38 allows release
of the armature 3§. However, by virtue of the altered
disposition of the trip coils 37, 38, such energization
tends to produce a flux distribution which is demagnetiz-
ing in relation to the permanent magret 43 but the yoke
44, forming a shunt path for the permanent magnet,
accepts an increased amount of flux to thereby prevent
the permanent magnet from being demagnetized. The
permanent magnet is of a material having a high co-
ercivity, such as that sold under the trade name “Alcomax
uL”

There are, of course, within the scope of the inven-
tion different ways of arranging the abovedescribed com-
ponents of the latch arrangement. One which is notable
is to have spaced apart, inverted L-shaped pole piece
members 5la and 51b, see Figs. 3¢ and 3b, spanned
between the upper surfaces of their horizontal limbs by
the core member 52 having a release coil 53 thereon;
the lower surfaces of these limbs being formed as pole
faces 54a and 54b toward which the free end of the
armature swings in moving to the energized position.
A permanent magnet 55 is interposed between the vertical
limbs of the pole piece members and is therefore situated
beyond the free end of the armature extension 165, The
pole piece members 51a and 51b may each be extended
by a further horizontal limb projecting in the same direc~
tion as, and spaced from, the first-mentioned horizontal
limb so that, in elevation, each pole piece member re-
sembles a .channel 69. The upper surfaces of such ex-
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tensions are then formed as pole faces 574 and 57b to-
wards which the armature 16 swings in moving to the
released position, the disposition of pole faces 57« and
57b being such that the magnetic flux passing by way of
the faces through an adjacent transversely extending sec-
tion of the armature 16 acts to hold the latier in the
released position. ‘The permanent magnet 55 is thereby
utilized to exert a hold-down force on the armature in
its released position.

~ As shown in Figs. 4a¢ and 4b, the arrangement in
accordance with Figs. 1¢ and 156 also lends itself to
modification for the purpose of providing a hold-down
force on the armature 16 in its released position. In
this modification the bracket 18 may be constructed with
legs 18a and 18b spaced apart in the same way as the
pole pieces 194, 195 and be of a material which is mag-
netizable. The legs 18a and 18b are separated from the
heelpiece 11 by shims 584 and 58b of a thickness ade-
quate to maintain .the bracket in substantial magnetic
isolation from the operating magnetic circuit. The upper
surfaces of the portions of such legs which are substan-
tially parallel to the armature 16 are then formed as pole
faces 594 and 596 so disposed in relation to the arma-
ture in its released position as to cause a hold-down
force to be exerted by the permanent magnet 22 in the
manner previously outlined.  The hold-down force is of
such .magnitude, in relation to the force acting on ener-
gization of the relay operating coil 12 to pick up the
armature 16 to the energized position, that the hold-down
force is overcome by the pickup force and movement of
the armature to the energized position takes place in the
normal way.

The latch arrangement in accordance with Figs. 2a
and 2b may also be modified to obtain a hold-down force
in the released position of the armature. This latter
modification may. be undertaken in a different way in
order.to avoid intrusion into the space below the arma-
ture .30 where contact stacks are accommodated. The
modified arrangement is shown in Figs. 5a and 5b. The
pole pieces 39, 40 are provided at correspondingly situ-
ated points along their lengths, just short of the pole
faces 41, 42, with collars 46, 47 of magnetizable material
presenting pole faces 48, 49 directed oppositely to, and
spaced apart from the pole faces 41, 42. A lightweight
fixture added to the armature 30 comprises a pillar sup-
port 60 and a plate 61, both of magnetizable material,
which are assembled to resemble a T. Support 60 and
plate 61-are fixed to the main body of the armature by
screws 62 in a position intermediate, and clear at their
edges from, the pole pieces 39, 40. The portions 63a
and 63b of the underside of this plate 61 which overlap
the pillar support are oblique to the upper surface of
the main body of the armature 30 so as to be parallel
with the pole faces 48, 49 when the armature is in the
released position. Portions 63a and 635 constitute sec-
ondary surfaces of the armature which cooperate with
the pole faces 48, 49. When the armature 30 is in the
released position defined by back stops (not shown), the
air gap between the secondary surfaces 63a and 63 and
the pole faces 48, 49 is such that flux due to the perma-
nent magnet 43 passing by way of these faces through
the plate 61 acts to exert on the armature 30 a force
tending to hold it in the released position. This force
supplements such similar acting force as may be applied
by other agencies, for example, a return spring. How-
ever, on energization of the operating coil 34, the pickup
force acting on the armature is sufficient to overcome
the hold-down force and the armature moves to the ener-
gized position in the normal manner.

While my invention has been described with reference
to a particular embodiment thereof, it will be under-
stood that various modifications may be made by those
skilled in the art without departing from the invention.
The appended claims are therefore intended to cover
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all such modifications within the true spirit and scope
of the invention. -
- Having thus described my invention, what I claim is:
1.-In an electrical relay having a tractive armature
biased to a released position and movable to an attracted
position, a magnetic latch for holding said armature in
attracted position until magnetically released, compris-
ing a permanent magnet having spaced apart pole pieces
disposed to establish with the permanent magnet a
magnetic circuit through the armature in the attracted
position to magnetically latch it in such position, a core
piece spanning the pole pieces to establish a magnetic
circuit parallel to the magnetic circuit through the arma-
ture, and a coil on said core piece effective when ener-
gized to produce in the core piece a magnetic flux
strengthening that set up there by the permanent magnet
and sufficient -to reduce the flux in the circuit through
the armature to an extent allowing release thereof.

2. A magnetic latch for holding a pivoted relay arma-
ture in its attracted position following deenergization
of the relay umtil electrically released, comprising in
combination with a frame pivotally supporting the arma-
ture, a nonmagnetic bracket secured to said frame ad-
jacent the free end of said armature, spaced apart pole
pieces secured to said bracket in such a position that
said ‘armature swings toward said spaced apart pole
pieces when moved to the aitracted position, a permanent
magnet bridging said pole pieces and having an attractive
force sufficient to retain said armature in its attracted
position, a core piece spanning said pole pieces to es-
tablish a magnetic circuit parallel with the magnetic
circuit through the armature, and a irip coil mounted
on said core piece and effective when energized to pro-
duce in said core piece a magnetic flux strengthening that
set' up in said core piece by said permanent magnet and
sufficient ‘to reduce -the flux-in the circuit through said
armature to an extent sufficient to permit release of the
said armature from its attracted position whereby there
is no tendency to demagnetize said permanent magnet.

3. A tractive armature relay comprising a first mag-
netic circuit extending in part through said armature
and including a core having an operating coil thereon,
energization of said operating coil causing said armature
to be actuated to an energized position, a second mag-
netic circuit also extending in part through said arma-
ture, the remaining extent of said second circuit being at
least in part separate from said first circuit, a permanent
magnet in said second circuit, ‘a shunt path for said
permanent magnet, a core in said second circuit, a re-
lease coil on said core, said permanent magnet being
effective upon the actuation of said armature to the
energized position to hold said armature in that posi-
tion on deenergization of said operating coil, said re-
lease coil being energizable to allow release of said arma-
ture, two pole piece members, said permanent magnet
extending between said pole piece members, said pole
piece members disposed to establish for said permanent
magnet a magnetic circuit through said armature, and a
core piece spanning -the pole piece members to establish
a shunt path for said permanent magnet, said release coil
being provided on said core piece.

4. A relay comprising a heelpiece having two legs
disposed at right angles, a core secured at one end to the
one leg and extending parallel to the other leg, an L-
shaped armature pivotally attached to the free end of said
other leg and having a first leg cooperating with the free
end of said core, a second leg extending parallel to said
other leg of the heelpiece, an energizing winding on said
core, said armature being biased to a released position
and movable to an attracted position in response to ener-
gization of said winding, a non-magnetic bracket secured
to said heelpiece adjacent the free end of said second leg
of said armature, spaced apart pole pieces secured to
said bracket in such a position that said second leg-of
said armature swings toward said spaced apart pole
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pieces when said armature is moved to its attracted posi-
tion, -a permanent magnet bridging said spaced apart
pole pieces and establishing a magnetic circuit through
the armature in its attracted position to magnetically
latch it in such position, a core piece spanning the spaced
apart pole pieces to establish a magnetic circuit parallel
to the magnetic circuit through the armature, and a coil
on said core piece effective when energized to produce in
the core piece magnetic flux strengthening that set up
therein by the permanent magnet and sufficient to reduce
the flux in the circuit through the armature to an ex-
tent allowing release thereof.

5. In a tractive armature relay including a relay frame
and an operating coil, a latch arrangement comprising
a permanent magnet, spaced apart pole pieces abutting
said magnet, said magnet exerting on the armature in
its energized position an attractive force sufficient to
hold said armature in that position, a core piece spanning
said pole pieces to establish a magnetic circuit parallel
with the magnetic circuit through the armature, an elec-
tromagnetic release coil mounted on said core piece which
coil is additional to said operating coil and which is ener-
gizable to produce a magnstic flux in said core piece
strengthening that flux set up in said core piece by said
permanent magnet to an exient sufficient to allow re-
lease of said armature, two pole faces on each of said
pole pieces, said pole faces on each pole piece being
disposed on opposite sides of said armature, one pair of
said pole faces coaperating with the upper surface of
said armature in the energized position thereof and the
other pair of pole faces cooperating with the lower sur-
face in the released position thereof such that in either
position said armature is subject to a holding force due
to said permanent magnet, the holding force effective
in the energized position being overcome by energization
of said release coil and the holding force effective in the
released position being overcome by the force which
acts on said armature when said operating coil is ener-
gized. :

6. In an electrical relay including a tractive armature,
a latch arrangement comprising a permanent magnet and
associated members of magnetizable material, a bracket
adapted for mounting said permanent magnet and asso-
ciated members in substantial magnetic isolation from
said relay frame, said permanent magnet and associated
members being mounted on said bracket together so as
to constitute with said. armature, a maguetic circuit in-
cluding a shunt path for said permanent magnet, and a
release coil on one of said associated members, said re-
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lease .coil being energizable to produce a magnetic flux
opposing that due to the permanent magnet.

7. A magnetic latch comprising a non-magnetic brack-
et, a pair of spaced apart pole pieces secured to said

racket, a permanent magnet bridging the said pair of
spaced apart pole pieces, a core piece spanning said spaced
apart pele pieces, and a trip coil mounted on said core
piece.

8. A magnetic latch comprising in combination a non-
magnetic bracket, a pair of spaced apart pole pieces se-
cured to said bracket, a permanent magnet bridging
said spaced apart pole pieces, a core piece spanning said
spaced apart pole pieces, and a trip coil mounted on
said core piece and effective when selectively energized
to produce in the core piece a flux strengthening that
set up thereby the permanent magnet.

9. In a tractive armature relay including a relay frame
and an operating coil, a latch arrangement comprising a
pair of L-shaped bracket members mounted on said re-
lay frame, magnetic isolation shims interposed between
said bracket members and said frame, a pole piece mem-
ber mounted on each of said L-shaped brackets such
as to form a channel between the horizontal portion of
said L-shaped bracket and said pole piece member, a

5 portion of said armature extending into said channel,

a permanent magnet extending between said pole piece
members and arranged to exert on the armature in its
energized position an attractive force sufficient fo hold
said armature toward the side of the channel formed by
said pole piece members, a core piece mounted between
said pole pieces to establish a magnetic circuit parallel
with the magnetic circuit through the armature, an elec-
tromagnetic release coil additional to said operating coil
mounted on said core piece, said release coil being ener-
gizable to produce in said core piece a magnetic flux
strengthening that flux set up in said core piece by said
permanent magnet and sufficient to allow release of said
armatire, and said permanent magnet providing an at-
tractive force for said armature in its released position
which force tends to hold said armature toward the side
of the channel formed by said bracket.
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