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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The disclosed invention generally relates to an
electromagneticrelay assembly incorporating a rotatable
coil-core assembly. More particularly, the disclosed in-
vention relates to an electromagnetic relay assembly
having a magnetically actuable coil assembly rotatable
about an axis of rotation extending orthogonally relative
to the coil assembly axis.

BRIEF DESCRIPTION OF THE PRIOR ART

[0002] Generally, the function of an electromagnetic
relay is to use a small amount of power in the electro-
magnet to move an armature that is able to switch a much
larger amount of power. By way of example, the relay
designer may want the electromagnet to energize using
5 volts and 50 milliamps (250 milliwatts), while the arma-
ture can support 120 volts at 2 amps (240 watts). Relays
are quite common in home appliances where there is an
electronic control turning on (or off) some application de-
vice such as a motor or a light. Several exemplary elec-
tromagnetic relay assembliesreflective of the state of the
art and disclosed in United States patents are briefly de-
scribed hereinafter.

[0003] United States Patent No. 4,743,877 (877 Pat-
ent), which issued to Oberndorfer, discloses an Electro-
magnetic Relay. The '877 Patent describes an electro-
magnetic relay comprising, in relevant portion, a coil as-
sembly, opposed pairs of opposed magnets, and a switch
assembly. The coil assembly comprises a coil, a coil axis,
and certain core-rotating means.

[0004] The core comprises opposed core terminals or
extremities, and the core-rotating means have an axis of
rotation orthogonal to the coil axis. The opposed pairs of
opposed magnets are respectively and fixedly positioned
adjacent the core terminals or extremities, and the core
terminals or extremities are respectively displaceable in-
termediate the opposed pairs of opposed magnets.
[0005] The coil creates a magnetic field, which mag-
netic field is directable through the core into the opposed
magnets for imparting rotation about the axis of rotation.
The core terminals or extremities function to actuate the
switch assembly intermediate an open switch position
and a closed switch position. The closed switch position
functions to enable current to pass through the switch
assembly.

[0006] Japanese Patent No. S57 166 015 ('015 Pat-
ent), owned by Omron Tateisi Electronics, discloses an
electromagnetic relay comprising, in relevant portion, a
core and a coil that both rotate in the same motion when
a magnetic field is generated in the core by the coil. The
’015 Patent may thus be said to provide certain teachings
to adapt an electromagnetic assembly having a fixed coil
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and arotatable or pivotable core (relative to the fixed coil)
to one that comprises a movable coil and core combina-
tion, which combination rotates or pivots in unison.
[0007] United States Patent No. 6,046,660 ('660 Pat-
ent), which issued to Gruner, discloses a Latching Mag-
netic Relay assembly with a Linear Motor. The ’660 Pat-
ent describes a latching magnetic relay capable of trans-
ferring currents of greater than 100 amps for use in reg-
ulating the transfer of electricity or in other applications
requiring the switching of currents of greater than 100
amps. Arelay motorassembly has an elongated coil bob-
bin with an axially extending cavity therein. An excitation
coil is wound around the bobbin. A generally U shaped
ferromagnetic frame has a core section disposed in and
extending through the axially extending cavity in the elon-
gated coil bobbin.

[0008] Two contact sections extend generally perpen-
dicularly to the core section and rises above the motor
assembly. An actuator assembly is magnetically coupled
to the relay motor assembly. The actuator assembly is
comprised of an actuator frame operatively coupled to a
firstand a second generally U-shaped ferromagnetic pole
pieces, and a permanent magnet. A contact bridge made
of a sheet of conductive material copper is operatively
coupled to the actuator assembly.

[0009] United States Patent No. 6,246,306 (306 Pat-
ent), which issued to Gruner, discloses an Electromag-
netic Relay with Pressure Spring. The 306 Patent teach-
es an electromagnetic relay having a motor assembly
with a bobbin secured to a housing. A core is adjacently
connected below the bobbin except for a core end, which
extends from the bobbin. An armature end magnetically
engages the core end when the coil is energized. An
actuator engages the armature and a plurality of center
contact spring assemblies. The center contact spring as-
sembly is comprised of a center contact spring which is
not pre bent and is ultrasonically welded onto a center
contact terminal.

[0010] A normally open spring is positioned relatively
parallel to a center contact spring. The normally open
spring is ultrasonically welded onto a normally open ter-
minal to form a normally open outer contact spring as-
sembly. A normally closed outer contact spring is verti-
cally positioned with respect to the center contact spring
so thatthe normally closed outer contact spring assembly
is in contact with the center contact spring assembly,
when the center contact spring is not being acted upon
by the actuator. The normally closed spring is ultrasoni-
cally welded onto a normally closed terminal to form a
normally closed assembly. A pressure spring pressures
the center contact spring above the actuator when the
actuator is not in use.

[0011] United States Patent No. 6,252,478 ('478 Pat-
ent), which issued to Gruner, discloses an Electromag-
netic Relay. The ’478 Patent describes an electromag-
netic relay having a motor assembly with a bobbin se-
cured to a frame. A core is disposed within the bobbin
except for a core end which extends from the bobbin. An
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armature end magnetically engages the core end when
the coil is energized. An actuator engages the armature
and a plurality of movable blade assemblies. The mov-
able blade assembly is comprised of a movable blade
ultrasonically welded onto a center contact terminal.
[0012] A normally open blade is positioned relatively
parallel to a movable blade. The normally open blade is
ultrasonically welded onto a normally open terminal to
form a normally open contact assembly. A normally
closed contact assembly comprised of a third contact riv-
et and a normally closed terminal. A normally closed con-
tact assembly is vertically positioned with respect to the
movable blade so that the normally closed contact as-
sembly is in contact with the movable blade assembly
when the movable blade is not being acted upon by the
actuator.

[0013] United States Patent No. 6,320,485 (’485 Pat-
ent), which issued to Gruner, discloses an Electromag-
netic Relay Assembly with a Linear Motor. The ’485 Pat-
entdescribes an electromagnetic relay capable of trans-
ferring currents of greater than 100 amps for use in reg-
ulating the transfer of electricity or in other applications
requiring the switching of currents of greater than 100
amps. Arelay motor assembly has an elongated coil bob-
bin with an axially extending cavity therein. An excitation
coil is wound around the bobbin. A generally U shaped
ferromagnetic frame has a core section disposed in and
extending through the axially extending cavity in the elon-
gated coil bobbin.

[0014] Two contact sections extend generally perpen-
dicularly to the core section and rises above the motor
assembly. An actuator assembly is magnetically coupled
to the relay motor assembly. The actuator assembly is
comprised of an actuator frame operatively coupled to a
firstand a second generally U-shaped ferromagnetic pole
pieces, and a permanent magnet. A contact bridge made
of a sheet of conductive material copper is operatively
coupled to the actuator assembly.

[0015] United States Patent No. 6,563,409 (409 Pat-
ent), which issued to Gruner, discloses a Latching Mag-
netic Relay Assembly. The 409 Patent describes a latch-
ing magnetic relay assembly comprising a relay motor
with a first coil bobbin having a first excitation coil wound
therearound and a second coil bobbin having a second
excitation coil wound therearound, both said first excita-
tion coil and said second excitation coil being identical,
said first excitation coil being electrically insulated from
said second excitation coil; an actuator assembly mag-
netically coupled to both said relay motor, said actuator
assembly having a first end and a second end; and one
or two groups of contact bridge assembilies, each of said
group of contact bridge assemblies comprising a contact
bridge and a spring.

[0016] Other patent disclosures of particular interest
are U.S. Patent Nos. 4,743,877, which issued to Obern-
dorfer et al.; 5,568,108, which issued to Kirsch;
5,910,759; 5,994,987, 6,020,801; 6,025,766, all of which
issued to Passow; 5,933,065, which issued to Duchemin;
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6,046,661, which issued to Regeretal.; 6,292,075, which
issued to Connell et al.; 6,426,689, which issued to Na-
kagawa et al.; 6,661,319 and 6,788,176, which issued to
Schmelz; 6,949,997, which issued to Bergh et al,;
6,940,375, whichissued to Sanadaetal.;and U.S. Patent
Application Publication No. 2006/0279384, which was
authored by Takayama et al.

[0017] The Schmelz, Duchemin, and certain of the
Gruner disclosures were particularly relevant to the sub-
ject matter as described in U.S. Patent Nos. 7,659,800
(the ’800 Patent) and 7,710,224 (the 224 Patent), which
issued to Gruner et al. The 800 and 224 Patents de-
scribe electromagnetic relays essentially comprising a
coil assembly, a rotor or bridge assembly, and a switch
assembly. The coil assembly comprises a coil and a C-
shaped core. The coil is wound round a coil axis extend-
ing through the core. The core comprises core terminals
parallel to the coil axis. The bridge assembly comprises
a H-shaped bridge and an actuator.

[0018] The bridge comprises medial, lateral, and trans-
verse field pathways. The actuator extends laterally from
the lateral field pathway. The core terminals are coplanar
with the axis of rotation and received intermediate the
medial and lateral field pathways. The actuator is coop-
erable with the switch assembly. The coil creates a mag-
netic field directable through the bridge assembly via the
core terminals for imparting bridge rotation about the axis
of rotation. The bridge rotation displaces the actuator for
opening and closing the switch assembly.

[0019] Notably, the Kirsch Patent No. 5,568,108; the
Reger et al. Patent No. 6,046,661, the Nakagawa et al.
Patent No. 6,426,689; the Schmelz Patent Nos.
6,661,319 and 6,788,176 and the Gruner et al. ’800 and
224 patents teach or describe armature assemblies hav-
ing an H-shaped portion pivotable about a pivot axis of
rotation, which H-shaped portion comprises or is other-
wise attached to an elongated actuator arm extending
from the H-shaped portion.

[0020] It is noted that an inherent problem with con-
ventional electromagnetic relays incorporating a coil as-
sembly and an armature of the foregoing type(s) is that
they are quite susceptible to magnetic tampering. This
is primarily because the rotating armature houses a per-
manent magnet. These permanent magnets react to the
magnetic field generated by the coil and are either re-
pelled or attracted, thereby creating a mechanical motion
to open and/or close the contacts.

[0021] This leavestherelay(s) vulnerable to tampering
by using a very large magnet (i.e. positioning a large con-
flicting magnetic field) external to the relay. Since the
permanent magnets are housed in a rotating plastic cas-
ing, this means t will only hold its state as long as no
other magnetic or mechanicalforce is exerted to the relay
which is larger than the magnetic holding force of the
permanent magnets.

[0022] It is noted that certain international standards
require that the relay hold its state in either the open or
closed position when a magnetic field measuring at least
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5000 Gauss is brought within 40 millimeters of the relay.
During this test, many relays cannot operate due to the
conflicting 5000 Gauss magnetic field. This type of tam-
pering is common in developing countries or in lower in-
come areas to turn the electricity meter back on after the
utility company has remotely shut it off.

[0023] The prior art thus perceives a need for an elec-
tromagnetic relay that is resistant to magnetic tampering
whereby the permanent magnets are fixed or anchored
and the coil assembly itself rotates with minimized dis-
placements so as to intensify the operative magnetic field
otherwise inherent to the same size magnets.

SUMMARY OF THE INVENTION

[0024] It is thus on object of the present invention to
provide a so-called bi-stable electromagnetic relay as-
sembly in which the permanent magnets are fixed inside
the plastics and the coil itself rotates, unlike conventional
relays incorporating fixed coils and moving permanent
magnets cooperably associated with rotating armatures.
To achieve this and other readily apparent objectives,
the presentinvention essentially provides an electromag-
netic relay assembly for selectively enabling current to
pass through switch terminals, which relay comprises a
rotatable electromagnetic coil assembly, first and second
pairs of opposed permanent magnets, and a switch as-
sembly.

[0025] The rotatable coil assembly comprises a cur-
rent-conductive coil, an axially extending coil core, and
a rotatable coil housing. The coil is wound around the
core, which core is collinear or parallel with the axis of
the coil. The coil comprises electromagnet-driving termi-
nals, the core comprises opposed core terminals, and
the coil housing has a housing axis of rotation orthogonal
to the coil axis.

[0026] The first and second pairs of opposed perma-
nent magnets are respectively and fixedly positioned ad-
jacent the core terminals such thatthe core terminals are
respectively displacable intermediate the pairs of mag-
nets. The switch assembly comprises first and second
linkage arms, and first and second spring arms. The link-
age arms interconnect the core terminals and spring
arms. The spring arms each comprise opposed pairs of
contacts and a switch terminal.

[0027] The coil operates to create a magnetic field di-
rectable through the core for imparting coil housing rota-
tion about the housing axis of rotation via attraction to
the positioned/anchored permanent magnets. The core
terminals displace linkage arms, and the linkage arms
actuate the spring arms intermediate an open switch as-
sembly position and a closed switch assembly position,
the latter of which enables current to pass through the
switch assembly via the contacts and the switch termi-
nals.

[0028] Certain peripheral features of the essential
electromagnetic relay assembly include, for example,
certain spring means for damping contact vibration inter-
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mediate the contacts when switching from the open po-
sition to the closed position. In this regard, it is contem-
plated thatthe spring arms each may preferably comprise
first and second spaced spring sections cooperable with
the linkage arms and laterally spaced from the contacts
so as to maximize the damping effect when switching
from the open to closed switch assembly positions.
[0029] In this lastregard, it is noted that a major prob-
lem for all electro-mechanical switchgear is the contact
bounce when closing into an electric load. To overcome
this, many have added additional leaf or coil springs to
buffer the bounce of the contacts. The present invention
takes advantage of a simple stamping process which en-
ables the incorporation of an integrated bounce reduction
spring on both sides of the contact site rather than just
one.

[0030] While the loose end of a spring is the most likely
place to open when operating the relay, it can still occur
that the contacts open even if the loose end of the spring
is set to the closed position. To overcome this, an addi-
tional stamping procedure has been incorporated into
the present invention so as to apply contact pressure
both the left and right side of the contact, ensuring equal
contact pressure and making sure that the contacts stay
closed when the relay is operated.

[0031] Other objects of the present invention, as well
as particular features, elements, and advantages there-
of, will be elucidated or become apparent from, the fol-
lowing description and the accompanying drawing fig-
ures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] Other features of my invention will become
more evident from a consideration of the following brief
description of patent drawings:

Figure No. 1 is top perspective view of an assembled
and preferred (exemplary single-pole) relay assem-
bly according to the present invention with relay
housing cover removed to show internal compo-
nents.

Figure No. 2 is an exploded top perspective view of
the preferred relay assembly according to the
present invention showing from top to bottom, a
bracket structure, an assembled coil assembly, link-
age structures, contact-spring assemblies, perma-
nent magnets, and the relay bottom casing.

Figure No. 3 is an exploded top perspective view of
the coil assembly according to the present invention.

Figure No. 4 is top plan view of the assembled and
preferred relay assembly according to the present
invention with relay housing cover removed to show
internal components in an open switch assembly po-
sition.
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Figure No. 5 is top plan view of the assembled and
preferred relay assembly according to the present
invention with relay housing cover removed to show
internal components in a closed switch assembly po-
sition.

Figure No. 6 is an enlarged plan view of the rotatable
coil assembly (positioned intermediate fixed perma-
nent magnet pairs) and contact-spring assemblies
in the open switch assembly position.

Figure No. 7 is an enlarged plan view of the rotatable
coil assembly (positioned intermediate fixed perma-
nent magnet pairs) and contact-spring assemblies
in the closed switch assembly position.

Figure No. 8 is an enlarged diagrammatic type de-
piction of the rotatable coil assembly positioned in-
termediate fixed permanent magnet pairsin the open
switch assembly position.

Figure No. 9 is an enlarged diagrammatic type de-
piction of the rotatable coil assembly positioned in-
termediate fixed permanent magnet pairs in the
closed switch assembly position.

Figure No. 10 is an enlarged depiction of the contact-
spring assemblies in the open switch assembly po-
sition.

Figure No. 11 is an enlarged depiction of the contact-
spring assemblies in the closed switch assembly po-
sition.

Figure No. 12 is an enlarged plan view of the rotat-
able coil assembly of a multi-pole alternative embod-
iment according to the present invention showing the
rotatable coil assembly in the open switch assembly
position.

Figure No. 13 is an enlarged plan view of the rotat-
able coil assembly of a multi-pole alternative embod-
iment according to the present invention showing the
rotatable coil assembly in the closed switch assem-
bly position.

Figure No. 14 is a fragmentary exploded top per-
spective view of the preferred relay assembly sec-
tioned along the coil assembly axis of rotation.

Figure No. 15 is a fragmentary exploded sectional
view of the structures otherwise depicted in Figure
No. 14 showing the coil axis orthogonal to the coil
assembly axis of rotation.

Figure No. 16 is top perspective view of an assem-
bled and alternative multi-pole relay assembly ac-
cording to the present invention with relay housing
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cover removed to show internal components.

Figure No. 17 is an exploded top perspective view
of the alternative multi-pole relay assembly accord-
ing to the present invention showing from top to bot-
tom, a bracket structure, an assembled coil assem-
bly, linkage structures, contact-spring assembilies,
permanent magnets, and the relay bottom casing.

Figure No. 18 is top plan view of the assembled and
alternative multi-pole relay assembly according to
the present invention with relay housing cover re-
moved to show internal components in an open
switch assembly position.

Figure No. 19 is top plan view of the assembled and
alternative multi-pole relay assembly according to
the present invention with relay housing cover re-
moved to show internal components in a closed
switch assembly position.

Figure No. 20 is a diagrammatic depiction of X-
shaped plane boundaries that define the limits of
movement of the core terminals intermediate the fix-
edly positioned permanent magnets according to the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0033] Referring now to the drawings, the preferred
embodiment of the present invention concerns a so-
called bi-stable electromagnetic relay (with X-drive mo-
tor) assembly 10 as generally illustrated and referenced
in Figure Nos. 1,2,4, and 5. Assembly 10 is believed to
teach the basic structural concepts supporting the
present invention, which basic structural concepts may
be applied to either single pole assemblies as generally
depicted and supported by assembly 10, or multiple pole
assemblies. In this last regard, an exemplary four-pole
assembly 20 is generally illustrated and referenced in
Figure Nos. 16-19.

[0034] The electromagnetic relay assembly 10 essen-
tially functions to selectively enable current to pass
through switch terminals 11. The electromagnetic relay
assembly 10 preferably comprises an electromagnetic
coil assembly 12, first and second pairs of opposed per-
manent magnets 13, and a switch assembly comprising
various components, including first and second linkage
arms 14 (comprising one or more L-shaped portion(s)),
and first and second spring arms 15, which arms 15 are
in electrical communication with, or otherwise (conduc-
tively) fastened extensions of the switch terminals 11.
[0035] The coilassembly 12 may preferably be thought
to comprise a current-conductive coil 16 (with spool as-
sembly 26), a coil core 17, and a coil housing 18 (com-
prising a coil lid 18(a) (outfitted with coil lid conductor(s)
25) and a coil base or coil box 18(b)). The coil 16 is wound
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around the core 17, which core 17 is collinear with a coil
axis as at 100. The coil 16 comprises electromagnet-
driving terminals as at 19, and the core 17 comprises
(linearly) opposed core terminals as at 21.

[0036] Notably, the coil housing 18 has a housing axis
of rotation 101, which axis 101 extends orthogonally rel-
ative to the coil axis 100. The housing axis of rotation
101 extends through pin structures 22 formed in axial
alignment on the coil lid 18(a) and the coil box 18(b) of
the housing 18, which pin structures 22 are received in
pin-receiving structures 23 formed in a bracket 27 and
relay housing 24.

[0037] The first and second pairs of opposed perma-
nent magnets 13 are respectively and fixedly obliquely
positioned (via housing anchor structures 28) adjacent
the core terminals 21 such that the core terminals 21 are
respectively displacable intermediate the respective
pairs of magnets 13. The opposed pairs of permanent
magnets 13 each comprise substantially planar opposed
magnet faces 29, which faces 29 extend in intersecting
planes 102 thereby exhibiting an X-shaped planar con-
figuration as at 103 in Figure No. generally defining the
boundaries of movement of the core terminals 21.
[0038] In this last regard, it will be noted that the core
17 has a thickness as at 104, and the magnets 13 are
positioned (via anchor structures 28) accordingly so as
to properly contact the core terminals 21. In other words,
the core 17 preferably comprises substantially planar op-
posed core faces as at 30 such that the core faces 30
and magnet faces 29 are similarly angled when contact-
ing one another for maximizing contact surface area and
enhancing current flow through the maximized contact-
ing surface area intermediate the core 17 and permanent
magnets 13.

[0039] Itwill be understood form a consideration of the
drawings that the linkage arms 14 (or linkage arms 14(a)
of the multi-pole embodiment) function to interconnect
the core terminals 21 and spring arms 15. The spring
arms 15 each comprise (i.e. are in electrical communi-
cation with or otherwise conductively fastened to) op-
posed pairs of contacts 31 and a switch terminal as at
11. The opposed pairs of contacts 31 are juxtaposed ad-
jacent one another such that when the switch assembly
is in a closed position, the contacts 31 contact one an-
other as generally depicted in Figure Nos. 5, 7, 11, and
19. Conversely, the open switch assembly position is
generally and comparatively depicted in Figure Nos. 4,
6, 10, and 18.

[0040] The coil 16, when provided with current, func-
tions to create a magneticfield as at 105, which magnetic
field 105 is directable through the core 17 and cooperable
with the magnets 13 (as generally pole aligned and de-
picted in Figure Nos. 8 and 9) for imparting coil housing
(pivot type) rotation (as at 106) about the housing axis
of rotation 101. The core terminals 21 thus function to
displace the linkage arms 14, which linkage arms 14, in
turn actuate the spring arms 15 intermediate the open
position and the closed position as previously referenced.
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The closed position enables current to pass through the
switch assembly via the contacts 31 and the switch ter-
minals 11.

[0041] As earlier noted the linkage arms of assembly
10 are preferably L-shaped from a top plan view and thus
comprise a first link portion as at 32 and a second link
portion as at 33. With assembly 20, the linkage arms 14
comprise afirstlink portion as at 34 and aseries of second
link portions as at 35 (or a series of interconnected L-
shaped structures). The second link portions 33 and 35
of each assembly 10/20 respectively extend toward one
another orthogonal to the first link portions 32 and 34 of
each assembly 10/20. The core terminals 21 are con-
nected to the first link portions 32 or 34 and the spring
arms 15 extend substantially parallel to the second link
portions 33 or 35 when in an open switch assembly po-
sition.

[0042] The spring arms 15 are preferably parallel to
one another whether in the open or closed switch assem-
bly positions and each comprise opposed faces, the inner
faces 40 of which face one another as generally depicted
and referenced in Figure Nos. 10 and 11. The opposed
inner faces 40 are magnetically attracted to one another
(as generally referenced at 107) during a short circuit
scenario, and thus the magnetically attracted faces 40
function to maintain the contacts 31 in the closed switch
assembly position during a short circuit scenario.
[0043] In this last regard, it is noted that during a short
circuit the magnetic fields generated inside a relay will
grow as the current increases. The contacts, however,
tendto separate during the rush of current. To structurally
address this, the present invention enables the manu-
facturer to form one type of contact-spring assembly, and
use the same assembly twice as generally depicted and
illustrated by spring arm(s) 15, terminals 11, and contacts
31.

[0044] It should be noted that half the current will flow
through the top contact-spring assembly and half the cur-
rent will flow through the bottom contact-spring assem-
bly. Since these assemblies are carrying the same cur-
rent in the same direction, the magnetic forces generated
thereby are therefore equal. This means that when the
bottom of the top spring is generating a magnetic field
with a south polarity, the top of the bottom spring will
generate a magnetic field with a north polarity. Since
north and south attract one another (as at 107), the at-
traction forces the contacts 31 into the closed position
during a short circuit. The greater the current during the
short circuit, the greater will be the magnetic field; there-
fore, the magnetic attraction 107 to maintain the contacts
31 in a closed position is maximized.

[0045] The described contact-spring assembly is sim-
ilar to existing assemblies insofar as the terminals 11 and
spring arms 15 are preferably constructed from copper
whereby the spring arm 15 is placed on top of the copper
terminal and thenriveted together via the contact buttons
31. By arranging the spring arms 15 so that faces 40
oppose one another, a resulting contact system allows
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for one input from a copper terminal, then splits the load
through two springs and outputs the load again on the
other copper terminal. Since the two springs (i.e. spring
arms 15) are preferably identical in terms of their manu-
facturability, they will bear a very similar, if not identical,
resistance. Furthermore, these two springs are running
directly parallel to one another, resulting in the same
magnetic fields generated around the spring arms 15.
[0046] The spring arms 15 preferably comprise first
and second spring portions or means for effecting bi-
stability. The first spring portions or means are generally
contemplated to be exemplified by resiliently bends in
the arms 15 as generally depicted and referenced at 36.
The first spring means are preferably relaxed when in an
open switch assembly position and preferably actuated
when in a closed switch assembly position, but not nec-
essarily so. It is contemplated that the actuated first
spring means may well function to dampen contact vi-
bration intermediate the contacts 31 when switching from
the open switch assembly position to the closed switch
assembly position.

[0047] The second spring portions or means are gen-
erally contemplated to be exemplified by resilient spring
extensions as generally depicted and referenced at 37.
The second spring portions or means 37 are preferably
relaxed when in an open switch assembly position and
preferably actuated when in a closed switch assembly
position, but not necessarily so configured. It is contem-
plated that the actuated second spring means may well
function to enhance damped contact vibration interme-
diate the contacts 31 when switching from the open
switch assembly position to the closed switch assembly
position.

[0048] It should be noted that first spring means are
preferably actuable adjacent the first link portions 32 or
34 and that the second spring means are preferably ac-
tuable adjacent the second link portions 33 or 35. The
first and second spring means thus provide spaced
damping means for each contact pair. It is contemplated
that the spaced damping means may well function to fur-
ther enhance damped contact vibration intermediate the
contacts 31 when switching from the open switch assem-
bly position to the closed switch assembly position.
[0049] Inthis lastregard, it should be further noted that
each contact pair is preferably positioned intermediate
the spaced first and second damping means, which
spaced damping means thus provide laterally opposed
damping means relative to each contact pair for still fur-
ther enhancing damped contact vibration intermediate
the contacts 31 when switching from the open switch
assembly position to the closed switch assembly posi-
tion.

[0050] As earlier noted, a major problem for all electro-
mechanical switchgear is the contact bounce when clos-
ing into an electric load. To overcome this, the typical
structural remedy is to include additional leaf or coil
springs to buffer the bounce of the contacts. The present
invention takes advantage of a simple stamping process
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which enables the incorporation of an integrated bounce
reduction spring as exemplified by resilient bends 36 and
resilient extensions 37, which structural features are
spaced laterally relative to the contacts 31. The present
design thus applies contact pressure both the left and
right side of the contact, ensuring equal contact pressure
and making sure that the contacts stay closed when the
relay is operated.

[0051] Whilethe above descriptions contain much spe-
cificity, this specificity should not be construed as limita-
tions on the scope of the invention, but rather as an ex-
emplification of the invention. For example, the invention
may be said to essentially teach or disclose an electro-
magnetic relay assembly comprising a rotatable coil as-
sembly, opposed pairs of opposed magnets, and a switch
assembly.

[0052] The coil assembly comprises a coil, a core, and
certain core-rotating means as exemplified by the rotat-
able coil housing with peripheral, pivot type rotation-en-
abling structures. The core is preferably collinear with or
parallel to the axis of the coil and comprises exposed and
opposed core terminals. Notably, the core-rotating
means have an axis of rotation that extends orthogonally
relative to the coil axis.

[0053] The opposed pairs of opposed magnets are re-
spectively and fixedly positioned adjacent the core ter-
minals such that the core terminals are respectively dis-
placable intermediate the magnet pairs. The coil function
to create a magnetic field directable through the core into
opposed magnets for imparting rotation about the axis
of rotation. The core terminals actuate the switch assem-
bly intermediate an open position and a closed position,
the latter of which positions enable current to pass
through the switch assembly.

[0054] The electromagnetic relay assemblies further
comprise certain linkage means and opposed spring as-
semblies. The linkage means as exemplified by the link-
age arms 14 and 14(a) interconnect the core terminals
and spring assemblies. The spring assemblies essential-
ly function to dampen contact vibration when switching
from the open position to the closed position. The spring
assemblies preferably comprise first and second spring
means, which means are preferably relaxed when in the
open position and preferably actuated when in the closed
position, but the reverse structural configuration, namely
that the first and second spring means may be relaxed
when in the closed position and actuated when in the
open position are also viable alternatives.

[0055] The first and second spring means are spaced
from one another opposite the contacts for providing
spaced, laterally opposed damping means for further en-
hancing damped contact vibration of the switch assembly
when switching from the open to closed positions. The
spring arms of the spring assemblies are preferably par-
allel to one another and comprise opposed arm faces as
at 40. The opposed arm faces 40 are magnetically at-
tracted to one another during a short circuit scenario,
which magnetically attracted arm faces for maintaining
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the switch assembly in the closed position during the
short circuit scenario.

[0056] The opposed magnets comprise opposed mag-
netfaces, which opposed magnet faces are substantially
planar and extend in intersecting planes, and the core
(terminals) have substantially planar opposed core fac-
es. The contacting core faces and magnetfaces are sim-
ilarly angled for maximizing contact surface area for fur-
ther enhancing current flow through contacting surface
area intermediate the core and magnet faces.

[0057] In addition to the foregoing structural consider-
ations, it is further believed that the inventive concepts
discussed support certain new methodologies and/or
processes. In this regard, it is contemplated that the fore-
going structure considerations support a method for
switching an electromagnetic relay comprising the steps
of ouffitting a coil assembly with means for rotating the
coil assembly about an axis of rotation orthogonal to coil
assembly axis whereafter a magnetic field may be cre-
ated via the coil assembly and directed through the coil
assembly into opposed magnets for imparting rotation
about the axis of rotation. The coil assembly is then ro-
tated (or pivoted) about the axis of rotation, and the switch
assembly is actuated intermediate open and closed po-
sitions via the rotating coil assembly.

[0058] The method is believed to further comprise the
step of damping contact vibration via opposed contact-
spring assemblies when displacing the switch assembly
from the open to closed position, which may involve the
step of laterally spacing the damping means relative to
contacts of the switch assembly before the step of damp-
ing contact vibration. Certain faces (as at 40) of the con-
tact-spring assemblies may be opposed before the step
of damping contact vibration such that the opposed faces
are magnetically attracted to one another during a short
circuit scenario for maintaining the switch assembly in
the closed position during said scenario.

Claims

1. An electromagnetic relay assembly (10, 20), the
electromagnetic relay assembly (10, 20) comprising
a coilassembly (12), opposed pairs of opposed mag-
nets (13), and a switch assembly,

wherein the coilassembly (12) is characterized
by comprising a coil (16), a core (17), and core-
rotating means (18, 22, 23), the core (17) being
collinearwith a coil axis (100), the core (17) com-
prising opposed core terminals (21), the core-
rotating means (18, 22, 23) having an axis of
rotation (101) orthogonal to the coil axis (100),
the coil (16) and core (17) both being rotatable
about the axis of rotation (100) via the core-ro-
tating means (18, 22, 23) such that both the coil
(16) and the core (17) rotate, the coil axis (100)
thereby being rotatively displaceable intermedi-
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ate X-shaped planar boundaries (103);

the opposed pairs of opposed magnets (13) be-
ing respectively and fixedly positioned adjacent
the core terminals (21), the core terminals (21)
being respectively displaceable intermediate
the pairs; and

wherein the switch assembly is characterized
by comprising linkage means (14, 14(a)) and
opposed contact-spring assemblies (15, 11, 31),
the linkage means (14, 14(a)) interconnecting
the core terminals (21) and contact-spring as-
semblies (15,11, 31), the contact-spring assem-
blies (15, 11, 31) comprising first and second
spring arms (15) and further comprising first
spring means (36), the coil (16) for creating a
magnetic field, the magnetic field being directa-
ble through the core (17) into opposed magnets
(13) for imparting rotation about the axis of ro-
tation (101), the core terminals (21) for actuating
the switch assembly intermediate an open po-
sition and a closed position, the closed position
for enabling current to pass through the switch
assembly, the first spring means (36) for damp-
ing contact vibration when switching from the
open position to the closed position.

The electromagnetic relay assembly of claim 1
wherein the contact-spring assemblies (15, 11, 31)
comprise second spring means (37), the second
spring means (37) for enhancing damped contact
vibration when switching from the open position to
the closed position.

The electromagnetic relay assembly of claim 2
wherein the first and second spring means (36, 37)
are spaced from one another for providing spaced
damping means (36, 37), the spaced damping
means (36, 37) for enhancing damped contact vibra-
tion when switching from the open to closed posi-
tions.

The electromagnetic relay assembly of claim 3
wherein the switch assembly comprises opposed
sets of paired contacts (31), the opposed sets of
paired contacts (31) each being positioned interme-
diate the spaced damping means (36, 37), the
spaced damping means (36, 37) thus providing lat-
erally opposed damping means for each opposed
set of paired contacts (31) for enhancing damped
contact vibration when switching from the open to
closed positions.

The electromagnetic relay assembly of claim 1
wherein the first and second spring arms (15) are
parallel and comprise opposed arm faces (40), the
opposed arm faces (40) being magnetically attracted
to one another during a short circuit scenario, the
magnetically attracted arm faces (40) for maintaining
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the switch assembly in the closed position during the
short circuit scenario.

The electromagnetic relay assembly of claim 1
wherein the opposed magnets (13) comprise op-
posed magnet faces (29), the opposed magnetfaces
(29) being substantially planar and extending in in-
tersecting planes (102), the core terminals (21) hav-
ing substantially planar opposed core faces (30), the
corefaces (30) and magnet faces (29) being similarly
angled when contacting one another, the similarly
angled core and magnetfaces (30, 29) for enhancing
current flow through contacting surface area inter-
mediate the core and magnet faces (30, 29).

Patentanspriiche

1.

Elektromagnetische Relaisanordnung (10, 20), wo-
bei die elektromagnetische Relaisanordnung (10,
20) eine Spulenanordnung (12), entgegengesetzte
Paare entgegengesetzter Magnete (13) und eine
Schalteranordnung umfasst,

wobei die Spulenanordnung (12) dadurch ge-
kennzeichnet ist, dass sie eine Spule (16), ei-
nen Kern (17) und Kerndrehmittel (18,22,23)
umfasst, wobei der Kern (17) mit einer Spulen-
achse (100) kollinear ist, der Kern (17) entge-
gengesetzte Kernmpole (21) umfasst, die Kern-
drehmittel (18, 22, 23) eine zur Spulenachse
(100) orthogonale Drehachse (101) aufweisen,
die Spule (16) und der Kern (17) beide Uber die
Kerndrehmittel (18, 22, 23) um die Drehachse
(100) drehbar sind, sodass sich sowohl die Spu-
le (16) als auch der Kern (17) drehen, und die
Spulenachse (100) dadurch zwischen X-formi-
gen ebenflachigen Grenzen (103) drehend ver-
schiebbar ist;

wobei die entgegengesetzten Paare entgegen-
gesetzter Magnete (13) fest den jeweiligen
Kernpolen (21) benachbart positioniert sind, wo-
bei die Kernpole (21) zwischen den jeweiligen
Paaren verschiebbar sind; und

wobei die Schalteranordnung dadurch ge-
kennzeichnet ist, dass sie Gestangemittel (14,
14(a)) und entgegengesetzte Kontakt-Feder-
Anordnungen (15, 11, 31) umfasst, wobei die
Gestangemittel (14,14(a)) die Kernpole (21) und
die Kontakt-Feder-Anordnungen (15, 11, 31)
miteinander verbinden, wobei die Kontakt-Fe-
der-Anordnungen (15, 11, 31) einen ersten und
einen zweiten Federarm (15) umfassen und wei-
ter erste Federmittel (36) umfassen, wobei die
Spule (16) zum Erzeugen eines Magnetfelds
dient, wobeidas Magnetfeld durchden Kern (17)
in entgegengesetzte Magnete (13) gerichtet
werden kann, um Drehung um die Drehachse
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(101) zu bewirken, wobei die Kernpole (21) zum
Betéatigen der Schalteranordnung zwischen ei-
ner offenen Stellung und einer geschlossenen
Stellung dienen, wobei die geschlossene Stel-
lung dazu dient, zuzulassen, dass Strom durch
die Schalteranordnung gelangt, wobei die ers-
ten Federmittel (36) zum Dampfen von Kontakt-
schwingungen beim Schalten von der offenen
Stellung in die geschlossene Stellung dienen.

Elektromagnetische Relaisanordnung nach An-
spruch 1, wobei die Kontakt-Feder-Anordnungen
(15,11, 31) zweite Federmittel (37) umfassen, wobei
die zweiten Federmittel (37) zum Verbessern ge-
dampfter Kontaktschwingungen beim Schalten von
der offenen Stellung in die geschlossene Stellung
dienen.

Elektromagnetische Relaisanordnung nach An-
spruch 2, wobei die ersten und die zweiten Feder-
mittel (36,37) voneinander beabstandet sind, um be-
abstandete Dampfungsmittel (36, 37) bereitzustel-
len, wobei die beabstandeten Dampfungsmittel (36,
37)zumVerbessern gedampfter Kontaktschwingun-
gen beim Schalten von der offenen in die geschlos-
sene Stellung dienen.

Elektromagnetische Relaisanordnung nach An-
spruch 3, wobei die Schalteranordnung entgegen-
gesetzte Satze gepaarter Kontakte (31) umfasst,
wobei die entgegengesetzten Satze gepaarter Kon-
takte (31) jeweils zwischen den beabstandeten
Dampfungsmitteln (36, 37) positioniert sind, wobei
die beabstandeten Dampfungsmittel (36, 37) so in
Querrichtung entgegengesetzte Dampfungsmittel
fir jeden entgegengesetzten Satz gepaarter Kon-
takte (31) zum Verbessern gedampfter Kontakt-
schwingungen beim Schalten von der offenen in die
geschlossene Stellung bereitstellen.

Elektromagnetische Relaisanordnung nach An-
spruch 1, wobei der erste und der zweite Federarm
(15) parallel sind und entgegengesetzte Armoberfla-
chen (40) umfassen, wobei die entgegengesetzten
Armoberflachen (40) wahrend eines Kurzschluss-
szenarios magnetisch aneinander angezogen wer-
den, wobei die magnetisch angezogenen Armober-
flachen (40) zum Halten der Schalteranordnung in
der geschlossenen Stellung wahrend des Kurz-
schlussszenarios dienen.

Elektromagnetische Relaisanordnung nach An-
spruch 1, wobei die entgegengesetzten Magnete
(13) entgegengesetzte Magnetoberflachen (29) um-
fassen, wobei die entgegengesetzten Magnetober-
flachen (29) im Wesentlichen ebenflachig sind und
sich in einander schneidenden Ebenen (102) erstre-
cken, wobei die Kernpole (21) im Wesentlichen
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ebenflachige entgegengesetzte Kernoberflachen
(30) aufweisen, wobei die Kernoberflachen (30) und
die Magnetoberflachen (29) ahnlich schraggestellt
sind, wenn sie einander berlhren, wobei die ahnlich
schraggestellten Kern- und Magnetoberflachen (30,
29) zum Verbessern des Stromflusses durch die
Kontaktflache zwischen dem Kern- und den Magne-
toberflachen (30, 29) dienen.

Revendications

Ensemble derelais électromagnétique (10, 20), 'en-
semble de relais électromagnétique (10, 20) com-
prenant un ensemble bobine (12), des paires oppo-
sées d’aimants opposés (13) et un ensemble com-
mutateur,

dans lequel 'ensemble bobine (12) est caractérisé
en ce qu’il comprend une bobine (16), un noyau
(17), et un moyen de rotation de noyau (18, 22, 23),
le noyau (17) étant colinéaire avec un axe de bobine
(100), le noyau (17) comprenant des bornes de
noyau opposées (21), le moyen de rotation de noyau
(18,22,23)ayantunaxederotation (101)orthogonal
a l'axe de bobine (100), la bobine (16) et le noyau
(17) pouvant tous les deux étre tournés autour de
I'axe de rotation (100) par l'intermédiaire du moyen
de rotation de noyau (18, 22, 23) de telle sorte qu’a
la fois la bobine (16) et le noyau (17) tournent, 'axe
de bobine (100) étant ainsi déplagable de maniére
rotative entre des frontiéres planes en forme de X
(103) ;

les paires opposées d’aimants opposés (13) étant
positionnées respectivement et fixement adjacentes
aux bornes de noyau (21), les bornes de noyau (21)
étant déplagables respectivement entre les paires ;
et

dans lequel 'ensemble commutateur est caractéri-
sé en ce qu’il comprend des moyens de couplage
(14,14(a)) et des ensembles de ressorts de contact
opposés (15, 11, 31), les moyens de couplage (14,
14(a)) interconnectant les bornes de noyau (21) et
les ensembles de ressorts de contact (15, 11, 31),
les ensembles de ressorts de contact (15, 11, 31)
comprenant des premier et second bras de ressort
(15) et comprenant en outre un premier moyen de
ressort (36), la bobine (16) servant a créer un champ
magnétique, le champ magnétique étant dirigeable
a travers le noyau (17) dans des aimants opposés
(13) pour conférer une rotation autour de 'axe de
rotation (101), les bornes de noyau (21) servant a
actionner 'ensemble commutateur entre une posi-
tion ouverte et une position fermée, la position fer-
mée permettant au courant de passer a travers I'en-
semble commutateur, le premier moyen de ressort
(36) servant a amortir la vibration de contact lors de
la commutation de la position ouverte a la position
fermée.
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10

2,

Ensemble de relais électromagnétique selon la re-
vendication 1 dans lequel les ensembles de ressorts
de contact (15, 11, 31) comprennent un second
moyen de ressort (37), le second moyen de ressort
(37) servant a rehausser la vibration de contact
amortie lors de la commutation de la position ouverte
a la position fermée.

Ensemble de relais électromagnétique selon la re-
vendication 2 dans lequel les premier et second
moyens de ressorts (36, 37) sont espacés I'un de
I"autre pour fournir des moyens d’amortissement es-
pacés (36, 37), les moyens d’amortissement espa-
cés (36, 37) étant prévus pour rehausser la vibration
de contact amortie lors de la commutation de la po-
sition ouverte a la position fermée.

Ensemble de relais électromagnétique selon la re-
vendication 3 dans lequel I'ensemble commutateur
comprend des jeux opposés de contacts pairés (31),
les jeux opposés de contacts pairés (31) étant cha-
cun positionnés entre les moyens d’amortissement
espacés (36,37), les moyens d’amortissement es-
pacés (36, 37) fournissant ainsi des moyens d’amor-
tissementopposés latéralement pour chaque jeu op-
posé de contacts pairés (31) afin de rehausser la
vibration de contact amortie lors de la commutation
de la position ouverte a la position fermée.

Ensemble de relais électromagnétique selon la re-
vendication 1 dans lequel les premier et second bras
de ressort (15) sont paralléles et comprennent des
faces de bras opposées (40), les faces de bras op-
posées (40) étant attirtes magnétiquement l'une
vers l'autre durant un scénario de court-circuit, les
faces de bras attirées magnétiquement (40) servant
a maintenir l'ensemble commutateur dans la position
fermée durant le scénario de court-circuit.

Ensemble de relais électromagnétique selon la re-
vendication 1 dans lequel les aimants opposés (13)
comprennent des faces d’aimant opposées (29), les
faces d’aimant opposées (29) étant sensiblement
planes et s’étendant dans des plans d’intersection
(102), les bornes de noyau (21) ayant des faces de
noyau sensiblement planes opposées (30), lesfaces
de noyau (30) et les faces d’aimant (29) étant incli-
nées de la méme fagon lorsqu’elles sont en contact
les unes avec les autres, les faces de noyau et
d’aimantinclinées de laméme fagon (30, 29) servant
a rehausser le passage de courant a travers la sur-
face de contact entre les faces de noyau et d’aimant
(30,29).
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aht a tokeressesrkeretet {123 ay jellemst, hogy iekeraset {16), mapot (17 & yoagforgad saerveket
{18, 22, 23) wridlmur, & mag (I coy tekercatenpslivel (108) soy vonatban van, 8 roag (171 seemkogt
magedgekee {21} taralmer, 8 mapforgatd szervekaek (18, 22, 231 a tekerostengelyre {100 mordieges
forgdstengelve {101 van, 8 teleres (16065 mag (17} a maglongatd szervek (18, 23, 23 révén » Forpdstengely
{106} kantl alfiwdithas fgy, bogy o lekeres (18) ¢g aommag (17) elfirdud, cedlial & tokercstengely (100} Xoalukd
stk hatdrok (103 kdenit elondithatd;

2 spembtzl mdgnesek (13) szendcdatt pdrjal rendre o moagvépek (21 kdeslében rouaitotion vannak
clhelyerve, a magvdgek (21) rondre a pieok k&t slvozdiihatdk;
3
szerokoatt drintkeadtugd-szerkeentalet {15, {1, 31), az Gssacdopesold clemek (14, 1)1 a magvogekeal {31} ¢

ahol a kspesolisesrRercist w2 jellenle Bogy tarinlse Gsszekapesold clemeket (14 (sl &
az Srinthortrugd-searkezetcket (15, 11, 313 dpzekaposnlidk, sz drinthestrugs-szerkezatek (13, 11, 31) olsd &
mdsodik rugos kart (133 ¢s olsd rugdelemet (367 tantaloiaanak, & tekeres (167 olvas magncses mezdt kelt, anely
a forgdetengely (1015 kil elfordulds kKivabitedbor a msgon (17) &t szerokdzii mdgoesekbe (13) indnyithaty, &
muagyégek (21 o kopesoldseerhenstal wyitolt helyaet & 24 helyzet Kdzot mozgatiak, shol 8 280 belyast

iehet{iivé tesal ax dranwmak a kapcsc\iéwmx antere vald sthaluddsan. €5 ax olsd nigdelom {36) csillapitia a2

31y masodih moéwmnet {‘*’; tartalivazank, 8 xnéwdz}\ ragielem (37) a’zyitatiz ]-;e}}»izetbéii 2art helvzeths 1oridnd
aikaposolaskor ax drintkedst rozgssesilinpitdst fokozsn,

3. A J lgdnypont szerintl wekiromdpneses selégrarkeret, abol ax elsd 65 3 mdbsadik nupdaleny (38, 37
tivkGzesl ¢ véiabzmz sstitapitoelomelet (36, 377 Keperon egyndnal wvkowes] van elvdlasanvg, anely tivkdusl
elvdlasztcdt coitlapliontomel (38, 373 a avitont helvestbd! g 2dn belyzethe Gridnd atkapesolivkor az drinthentsi
rexidseaitiapiidst fokeandk.

4 A 3 lpdnypontt szerintl elebromagneses refészerkezet, ahol a kaposoldszerhezet pdrositott srintksesk
{31 sremkdzti csoportiait tertalmasza, amely parositofl Srintkexdk (31 szemmkiatl csoportial 8 tivkoas!
shvdlmrtot csillapitociomek (36, 37) kaxttt vannakl olbelverve, cralinla tvkazect elvalasaot ceillapficelemek

36, 37) oldaliviivhan seemkdall csiflapitdelomeket képemnek n parositott drintkezdk (31) sgyes szemkied
csapm‘tjai sedmidra 8 mvitont helyzetbél o 2ant helyrothe tinend dkapesoliskor ax drintkezdsi rezpdncsifiopitio
fikoedsthor,

30Ax b igdhypont szerintt elckiromfaneses refdszerkeret, shol az elsd 83 o masodik rugdkar (15
egynidssal pirhosamon & szewkdnl koleliletekkel (30} rendelkernck, amely szemkést Karfololsiek (88)

rividzarki esetén sgyoldst mignesesen yonazdk, o mdgnesesen vonzot Rarfelitletek (40) 8 kapesoldszerkezeiat
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rividzarkut eactén =8t helyretben turtigk,



8. -Ax b igdnypont seerlbelekiromdpnasen reldezerkaret, shoba seermkoal nuignoaek (13} ssomking
mdgnesfeliiatekkel (28) rendetkenek, amely sasmkostt mignesfeliletek (29 avegsben sikok & sgymids
mntszd stliokban (102} teriednek, & rongvégeknek (21) Kayegdten ik szembidad maglelttleted (383 varmud, &
magfolitbetek (20) & mdpneclelitlank (287 we sgrmdasal vald Srinthesdsiichor hasonld sebgher dlinak, & hagonde
sadpbén Slo may SO ovgneslolitictek (30, 39) & mag- &y magrestelilerek {30, 29) kzotll dridlent felszingn

Stfolyd dramerlsdest fokozedk.
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