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(54) BI-STABLE RELAY

(57) The invention is about a bi-stable relay consist-
ing of a supporting structure carrying at least one set of
electrical contacts, a U-shaped magnetic core being fixed
to the supporting structure, electrical winding around the
said core, and an armature provided with means to pivot
around a rotation axis and where the said armature com-
prises a frame supporting two springs, at least one con-
tact bridge, one or more permanent magnets, and two
flux guides characterized in that
- the flux guides are symmetrically or almost symmetri-

cally arranged with respect to the rotation axis
- the flux guides and the magnetic core feature a planar
layout
- the major plane of the flux guides is positioned perpen-
dicular to the major plane of the magnetic core
- the flux guides and the magnetic core are made from
one or more laminations being stacked together
- the center of mass of the frame is approximately located
on the rotation axis.
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Description

[0001] This invention deals with a bi-stable electro-
magnetic relay that features two stable latch positions
and features contacts able to handle currents and volt-
ages in excess of 1 A and/or 100 V respectively. While
in a latched position, one or more sets of electrical con-
tacts is/are closed or open thereby allowing to be used
for control or signaling purposes. The relay can remain
in any of the latched positions for an undetermined time
period without needing to apply an electrical signal, how-
ever, the relay can be switched from one latch position
to the other latch position by applying an electrical signal
pulse to its winding, generally a current pulse. Such de-
vices are commonly known as bi-stable relays or latching
relays and are widely employed in electrical circuits and
in apparatus such as electronic overload relays, circuit
breakers, protective relays, motor starters and motor
controllers.
[0002] In common implementations of bi-stable elec-
tromagnetic relays each latched or stable position is
achieved by holding a moveable armature against a mag-
netic core through a clamping magnetic force. The mag-
netic force is typically produced by deriving magnetic flux
from one or two permanent magnets and channeling it
to the latch surface between the armature and the mag-
netic core. The resulting magnetic force at one latch sur-
face is then proportional to the effective magnetic area
of the latch surface and to the square value of the mag-
netic flux density. Various implementations are known.
[0003] One common principle of bi-stable relays in-
volves an armature comprising one or two permanent
magnet(s) and two flux guides mounted onto a frame
able to rotate around an axis such that the ends of the
flux guides can come in contact to a magnetic core, as
also described in EP 0 974 155 B1. The magnetic core
and the rotation axis of the armature are fixed with respect
to an appropriate supporting structure. When the mag-
netic flux guides are in contact or almost in contact to the
magnetic core, the magnetic flux generated by the per-
manent magnet(s) is concentrated through the contact
area(s) between the flux guides and the magnetic core.
An attractive magnetic force is thus exerted between the
ends of the flux guides and the core resulting in a holding
magnetic torque which prevents the armature from rotat-
ing and holds it firmly in a defined position. The armature
features two possible stable positions where the flux
guides come in contact or almost in contact to the mag-
netic core. The armature may also contain two springs
and two contact bridges such that each spring is pre-
compressed by a contact bridge. Each contact bridge is
arranged such that it closes a set of electrical contacts
provided on a supporting structure in each bi-stable po-
sition of the relay. Such contacts arrangements are also
described in EP 0 974 155 B1 or DE 10 2009 043 105
A1. They are able to operate with currents and voltages
well in excess of 1 A and 100 V respectively.
[0004] The magnetic core is provided with an electrical

winding to enable the generation of an excitation mag-
netic flux within the core by circulating a current through
the winding. The direction of the excitation magnetic flux
can be controlled by controlling the polarity of the current
trough a single winding or by using two windings wound
in opposite direction. Switching between the two bi-stable
positions of the relay is achieved by generating an exci-
tation magnetic flux opposing the latching flux such that
the holding torque is significantly reduced or nulled. The
armature starts then rotating towards the other latching
position helped by the spring compressing the contacts
and eventually by some electromagnetic force coming
from the excitation magnetic flux. As the armature ap-
proaches the other latching position and passes the mid-
dle position, the excitation magnetic flux and the perma-
nent magnet flux are both contributing to a net force to-
wards completing the started motion. Clamping take
place once the other latching position is reached. A short
current pulse is sufficient to complete switching of the bi-
stable relay and may be comprised between 2 ms and
50 ms.
[0005] The springs have two roles: to exert a suitable
contact pressure in the latched state and to help initiating
the motion of the armature when switching. The minimum
contact pressure is dictated by the current carrying ca-
pabilities of the contacts. The holding torque exerted on
the armature must exceed with some margin the torque
resulting from the force of the spring acting on the en-
gaged contact in order to withstand vibration and shock.
[0006] Apart from fulfilling the required operating volt-
age rating, the main qualities of a bi-stable relay are given
by cost, vibration withstand, shock withstand, and energy
consumption. Lower energy consumption not only reduc-
es the operation cost but also allows reducing the inte-
gration cost of the bi-stable relay by scaling down the
energy source and the electrical circuit needed to drive
a current through its winding(s).
[0007] The saturation magnetic induction Bs of the
magnetic core and of the flux guides is a critical param-
eter as the clamping magnetic force is proportional to the
square of the magnetic induction, also called magnetic
flux density, at the latch surface. A good design would
therefore strive to maximize the value of the magnetic
induction at the latch surface, and materials with high
saturation magnetic induction are thus preferred. Fur-
thermore, the core and the flux guides should ideally pro-
vide high magnetic permeability such that the magnetic
flux is efficiently channeled through the magnetic circuit
at the latch surface. In this way, the leakage of the mag-
netic flux outside the magnetic circuit is minimized and
the energy efficiency of the relay is maximized. Bi-stable
electromagnetic relays typically feature switching times
in the order of several milliseconds, which is fast enough
to generate very high eddy currents in the magnetic core
and in the flux guides. The eddy currents may waste a
very large amount of the electromagnetic energy em-
ployed to switch the relay and they increase rapidly with
the frequency of the magnetic flux and with the thickness
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and electrical conductivity of the parts employed in the
construction of the magnetic core and of the flux guides.
Eddy currents cause a slower increase of the magnetic
induction value in the magnetic circuit and they typically
require increasing the magnitude and the duration of the
signal pulse employed to switch the relay. They imply
low energy efficiency and slow operating time. The losses
caused by eddy currents may reach well beyond 50% of
the total electromagnetic energy generated in the mag-
netic circuit of the relay during one switching operation.
It is thus highly beneficial to employ materials with low
thickness and high electrical resistivity for the parts con-
ducting the magnetic flux. The optimum properties of the
parts used for constructing the magnetic core and the
flux guides of the bi-stable relay can thus be resumed
as: high saturation magnetic induction, high magnetic
permeability, high resistivity, and low thickness.
[0008] The bi-stable relays known from prior art employ
magnetic cores and flux guides fabricated from materials
such as low carbon steels. Most commonly employed
materials are mild steels grades like AISI 1006, AISI
1008, AISI 1010 or various structural steels. They are
relatively cheap, are available in many different forms
such as strip, bar, and bulk, and can be processed using
common mechanical processing techniques such as
stamping, cutting, machining, and bending. However,
their magnetic properties such as saturation magnetic
induction, magnetic permeability, and electrical resistivity
are limited and prone to wide variations as they are not
supplied with guaranteed values.
[0009] The saturation magnetic induction Bs of mild
steels is typically comprised between 1.5 T to 1.6 T for
magnetic field intensity values around 5000 A/m, without
being guaranteed. The maximum relative permeability of
mild steels measured in DC conditions is typically com-
prised between 1000 and 2000 also without being guar-
anteed. The saturation magnetic induction and the per-
meability also depend on the processing of the material
and stress-relief annealing is recommended to be per-
formed in order to achieve best results, however, anneal-
ing procedures for optimizing the magnetic properties of
mild steels are not described by any available standard.
Actually, stress-relief annealing of relay parts manufac-
tured from mild steels is most often not performed. The
electrical resistivity of mild steels is commonly small at
around 0.15 mΩ·m resulting in high eddy currents and
related electromagnetic losses.
[0010] The design of bi-stable relays known from the
art must deal with moderate magnetic and electrical prop-
erties of the materials employed for the magnetic core
and for the flux guides. Moreover, the magnetic and elec-
trical properties of materials such as mild steels are prone
to large variations as they are not guaranteed by the man-
ufacturers or applicable standards. The common design
approach typically employed to handle these issues has
been to oversize the electromagnetic components of the
bi-stable relay such as the core, the flux guides, the per-
manent magnet, and the windings. Oversizing the mag-

netic cross-section of the core requires increasing the
circumference of the electrical windings applied to the
core and cause larger length, resistance, and mass of
wire which is usually made of copper, resulting in higher
cost and electrical losses. Oversizing the magnetic core
and the flux guides may also increase the electromag-
netic losses caused by eddy currents. The electrical ef-
ficiency of bi-stable relays employing materials with mod-
erate magnetic and electrical properties is poor and over-
sizing the design makes it even worse.
[0011] The standard IEC60404-8-10 describes low
carbon steels to be used in electrical relays. They contain
less than 0.5 % silicon and are available up to large thick-
ness, however, the only specified magnetic property is
the coercivity. The low carbon steels described in
IEC60404-8-10 are similar to mild steels such as struc-
tural steels and may feature somehow superior magnetic
properties. However, their magnetic and electrical prop-
erties are still not comprehensively guaranteed for opti-
mum use in bi-stable relays.
[0012] So it is the objective of the current invention to
provide a bi-stable relay that consumes less energy and
features lower integration and operation costs.
[0013] The objective is achieved by a bi-stable relay
according to claim 1. So the flux guides are symmetrically
or almost symmetrically arranged with respect to the ro-
tation axis, and the flux guides and the magnetic core
feature a planar layout, and the major plane of the flux
guides is positioned perpendicular to the major plane of
the magnetic core, and the flux guides and the magnetic
core are made from one or more laminations being
stacked together, and the center of mass of the frame is
approximately located on the rotation axis.
[0014] According to an advantageous embodiment,
the laminations composing the flux guides and the mag-
netic core are made from strips or sheets of electrical
steel with silicon content between 0.5% and 7%.
[0015] According to an advantageous embodiment,
the flux guides are C-shaped or arc shaped such that the
plane of the C-shape or of the arc shape is in the plane
of the electrical steel strip or sheet.
[0016] According to an advantageous embodiment,
where the flux guides are provided with at least one
chamfer near the contact surface between the flux guides
and the core.
[0017] According to an advantageous embodiment,
where the latch surface between the flux guides and the
core is rectangular such that the ratio between the long
edge to the short edge of the rectangle is smaller than 1.6.
[0018] According to an advantageous embodiment,
the flux guides and/or the magnetic core are made from
cold-rolled electrical steel strips or sheets which have the
thickness comprised between 0.1 mm and 1 mm and are
provided with an electrically insulating layer.
[0019] According to an advantageous embodiment,
the permanent magnet or magnets is/are mounted such
that they partly overlap with the flux guides to result in
direct contact or a very small air gap between the mag-
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net(s) and the flux guides.
[0020] According to an advantageous embodiment,
the ends of the magnetic core are rigidly inserted into
holes provided into the supporting structure and the width
of the core features at least one step near the inserted
ends to limit the insertion depth, and where the cross-
section profile of the insertion holes present recessed
and/or protruded regions to enable smooth and precise
mounting of the core to the supporting structure by press
fit.
[0021] According to an advantageous embodiment, in-
cluding a pivot pin and a bearing hole enabling free ro-
tation motion of the armature with respect to the support-
ing structure and where the pivot pin is provided with a
stopper such as a collar or a bump to prevent free trans-
lation motion between the pivot pin and the bearing hole
or separation of the two.
[0022] According to an advantageous embodiment,
where the pivot pin is part of the supporting structure or
is a separate part having one of its end rigidly inserted
into a hole provided in the supporting structure and where
the pivot pin passes through a bearing hole provided in
the armature such that the armature can freely rotate
around the pivot pin.
[0023] According to an advantageous embodiment,
the pivot pin is part of the armature frame or is a separate
part having one of its end rigidly inserted into a hole pro-
vided into the armature frame and where the pivot pin
passes through a bearing hole provided in the supporting
structure such that the pin can freely rotate inside the
bearing hole.
[0024] According to an advantageous embodiment,
where the pivot pin is a separate part and its diameter is
smaller around the rigidly inserted end than around the
bearing region and where the pivot pin is preferably made
of metal such as brass.
[0025] According to an advantageous embodiment,
the core laminations are cut or stamped from electrical
steel strips or sheets such that the longest dimension of
the laminations is aligned along the rolling direction of
the material.
[0026] According to an advantageous embodiment,
the flux guide laminations are cut or stamped from elec-
trical steel strips or sheets such that the direction of the
latching surface is aligned perpendicularly to the rolling
direction of the material.
[0027] According to an advantageous embodiment,
the armature comprises two magnets mounted on the
sides of the pivot pin in a symmetric arrangement.
[0028] According to an advantageous embodiment,
the armature comprises a single magnet with a hole
through its center mounted such that the pivot pin passes
through the hole in the magnet.
[0029] According to an advantageous embodiment,
the frame of the armature is provided with clips to retain
all or some of the components mounted to the frame.
[0030] According to an advantageous embodiment,
the magnet(s) and the flux guides are mounted to the

frame of the armature from opposing sides such that the
magnetic force exerted between the magnet(s) and the
flux guides keep them firmly into position.
[0031] According to an advantageous embodiment,
the electrical winding is provided on one or two bobbins
being mounted onto the core and including suitable ter-
minals for electrical connections.
[0032] According to an advantageous embodiment,
the supporting structure comprises two sets of electrical
contacts and the armature comprises two contact bridg-
es.
[0033] According to an advantageous embodiment,
the frame of the armature and the supporting structure
are made by molding from a polymer based material,
such as polyamide, which may also include non-organic
fillers such as glass fiber in concentrations greater than
or equal to 10%.
[0034] According to an advantageous embodiment,
the supporting structure is the housing of the relay.
[0035] The invention will be described in greater detail
by description of eight embodiments with reference to
the accompanying drawings, wherein

Fig. 1 shows a bistable relay as known from
the art,

Fig. 2 shows an overview of an embodiment
of an electromagnetic bistable relay
according to this invention,

Fig. 3a and 3b: shows an isolated view of core, flux
guides, magnets and shaft ,

Fig. 4 shows a C or arc shaped flux guide,
Fig. 5 shows the mounting of magnet(s) on

the flux guides,
Fig. 6 shows a round shaft with head, middle

and base section of decreasing diam-
eter for their respective functions.

[0036] Figure 1 shows a bistable relay with rotating ar-
mature housing magnets 66 about a center of rotation
16 and mechanical flux guides 62, 64 that latch onto a U
shaped core with extensions 72 and 70. The latching
contacts 22 and 20 are held in place with springs 48, 58
that rotate with the armature. A large extension/ lever
arm protrudes from the armature. No attention is given
to the nature of the flux guides or the center of mass.
[0037] The invention describes a switch mechanism
suitable for bi-stable relays and featuring a novel design
of the magnetic circuit where the magnetic core and the
flux guides feature a planar layout and are arranged such
that the major plane of the flux guides is positioned per-
pendicular to the major plane of the magnetic core.
[0038] Figure 2 shows an overview of an electromag-
netic bistable relay 1 as described by this invention dis-
closure. The three-dimensional view shows auxiliary
contacts 2, 3 and a driving coil 4, the latching core 5 and
the contact bridge 6.
[0039] The switch mechanism comprises a supporting
structure carrying at least one set of electrical contacts
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with the contact bridge 6, the U-shaped magnetic latching
core 5 provided with electrical winding, and an armature
provided with means to pivot around a rotation axis and
where the said armature comprises a frame supporting
two springs, at least the one contact bridge 6, one or
more permanent magnets 8, and two flux guides 7, see
figure 3.
[0040] Figure 3 shows an isolated view of core 5, flux
guides 7, magnets 8 and shaft 9. The core 5 and flux
guides 7 are made of one or more laminations and ar-
ranged with the major plane perpendicular to one anoth-
er. The core 5 is also designed such that the longest
sections are along the rolling direction due to the en-
hanced magnetic properties. Figure 3a shows a top view,
figure 3b as viewed from the cross section of the core 5.
[0041] Figure 4 shows a C or arc shaped flux guide 7.
This is intended to be used with the switching mechanism
shown in figure 2. The in plane dimensions are adjusted
to ensure that saturation occurs at the gaps. Figure 4a
shows a top view. The ratio of the cross sectional dimen-
sions in the portions Y and X is greater than or equal to
1.6:1. Dimensions are adjusted to account for variation
in magnetic properties due to the rolling direction, indi-
cated by the arrow R. Figure 4b shows a zoom view of
chamfered edges 11 beside the latching or contact sur-
face 12 that have an angle up 50° to the horizontal. Figure
4c shows a 3D view showing a square cross section of
latching surface 12 .
[0042] Figure 5 shows the mounting of magnets 8 on
the flux guides 7 and the symmetry about a hole in the
center. Figure 5a shows the use of two equal magnets 8
on either side of a center shaft (not shown). Figure 5b
shows the use of a magnet 8a with the hole. The magnets
8, 8a are mounted in a manner such that the magnet 8,
8a partially overlaps both flux guides 7. The polarization
of the magnets 8, 8a is in the direction that links one flux
guide 7 to the other.
[0043] Figure 6 shows a round shaft 9 with head sec-
tion 13 to hold the relay in place, middle section 14 to
provide a bearing surface, and a base section 15 of de-
creasing diameter that is pushed in the housing for its
respective functions.
[0044] Features of the relay as shown in the embodi-
ments are as follows.
[0045] The flux guides are symmetrically or almost
symmetrically arranged with respect to the rotation axis.
[0046] The flux guides and the magnetic core feature
a planar layout.
[0047] The major plane of the flux guides is positioned
perpendicular to the major plane of the magnetic core.
[0048] The flux guides and the magnetic core are made
from one or more laminations being stacked together.
[0049] The center of mass of the frame is approximate-
ly located on the rotation axis.
[0050] The switch mechanism as shown in the figures
2 to 6 may feature one or more contact bridges, however,
two contact bridges 6 may often be preferred as it allows
balancing the mechanical design and offering normally

closed and normally open contacts. The permanent mag-
net 8, 8a is preferably placed in close proximity of the
flux guides 7 such that optimum magnetic coupling is
achieved and a symmetric arrangement of the magnet 5
with respect to the two flux guides 7 would typically be
preferred.
[0051] The planar design of the magnetic core 5 and
the flux guides 7 feature manifold advantages going from
practical fabrication to device scalability and excellent
energy efficiency. The arrangement allows precise and
cost efficient fabrication of the magnetic core 5 and/or
flux guides 7 from metallic sheets using well established
processes such as stamping or precision stamping. Oth-
er cutting techniques such as laser cutting are also pos-
sible. The magnetic core 5 and the flux guides 7 can be
built from single laminations or from a stack of multiple
laminations allowing easily scaling the design according
to the switching and reliability needs. Due to the planar
design it is not necessary to perform any bending of the
magnetic core 5 or of the flux guides 7, which allows
eliminating manufacturing steps and avoids the degra-
dation of the magnetic properties caused by mechanical
stresses and strains induced during bending. Optimum
magnetic properties of the materials can thus be main-
tained leading to better performance of the switching
mechanism.
[0052] Furthermore, the planar design allows employ-
ing electrical steels such as silicon steels featuring su-
perior magnetic and electrical performance and being
available in sheet and strip form. Silicon steels are elec-
trical steels with silicon content between 0.5% and 7%
and provide reduced magnetostriction, significantly high-
er magnetic permeability and higher resistivity than mild
steels. The resistivity of silicon steels increases with the
silicon content ranging approximately from 0.2 mΩ·m to
0.9 mΩ·m, as compared to around 0.15 mΩ·m for mild
steels. The higher resistivity of silicon steels compared
to mild steels results in drastic reduction of the electro-
magnetic losses caused by eddy currents in bi-stable
switch mechanisms, up to several times lower. Reducing
the electromagnetic losses caused by eddy currents re-
sults in faster switching operation and in lower magnetic
field intensity required to perform the switch operation.
This means that the current pulse required to energize
the winding of the core in order to perform the switch
operation can feature lower time duration and lower mag-
nitude resulting in much lower energy consumption and
higher operating efficiency of the relay.
[0053] Silicon steels are usually available with guaran-
teed magnetic properties and electrical resistivity and al-
low thus better optimizing the design of bi-stable relays.
Silicon steels are most commonly available in sheets and
strips but other forms, such as bars, are also possible as
for example the Class C alloys covered in the standard
IEC60404-8-6. In order to minimize eddy currents it is
preferred to use thin laminations produced from sheets
and strips. If necessary, more laminations may be
stacked in order to reach thicker assembles for the mag-
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netic core and/or for the flux guides, in which case it is
beneficial to provide a thin electrically insulating layer
between the laminations in order to reduce the eddy cur-
rents. Silicon steel sheets and strips provided with thin
insulating layers are being widely employed for manu-
facturing electrical motors, generators, and transformers.
They have been optimized for providing superior mag-
netic and electrical properties, being well covered in
standards such as IEC60404-8-3, IEC60404-8-4, and
IEC60404-8-7. Commonly known as cold-rolled electri-
cal steels, these materials are the most widely available
processed silicon steels and can be grain-oriented or
non-oriented. The magnetic properties of cold-rolled
electrical steels are better along the rolling direction, es-
pecially for the grain-oriented materials. Depending on
the material type and grade, the saturation magnetic in-
duction Bs at a magnetic field of 5000 A/m ranges be-
tween 1.7 T and 2.0 T. The relatively high saturation in-
duction of cold-rolled electrical steels allows achieving
higher clamping forces and building more efficient devic-
es. The thickness of the cold-rolled electrical steels
sheets is typically comprised between 0.05 mm and 1.0
mm. The small thickness of the sheets is very advanta-
geous for reducing the losses caused by eddy currents
but it is not compatible with traditional designs of bistable
relays.
[0054] The planar design of the magnetic core 5 and
of the flux guides 7 described in this invention overcomes
the limitations of traditional solutions and makes optimum
use of the enhanced magnetic and electrical properties
of cold-rolled electrical steels.
[0055] The losses caused by eddy currents are re-
duced both by providing a material with much higher re-
sistivity and also by reducing the thickness of the lami-
nations. Moreover, in the same time, the magnetic prop-
erties such as the saturation magnetic induction and the
magnetic permeability are enhanced resulting in higher
clamping forces and lower flux leakage. It is thus possible
to drastically reduce the operation energy of the bi-stable
switching mechanism, but also to reduce its size and
mass and to improve its reliability, e.g. by providing faster
switching time and/or better vibration and shock with-
stand.
[0056] The magnetic core 5 and flux guides 7 consist
of one or more laminations, see figure 3, with the com-
ponents fabricated in plane by standard manufacturing
processes such as stamping. It is convenient to design
the flux guides 7 such that their ends come in close vicinity
to the magnetic core 5 in order to minimize the air gaps
between the flux guides 7 and the core 5 leading to lower
reluctance and better efficiency of the magnetic assem-
bly. However, it is beneficial to increase the separation
between the body of the flux guides 7 and the magnetic
core 5 in order to reduce the magnetic flux leaking be-
tween the body of the flux guides 7 and the core 5. The
magnetic flux shall be concentrated at the ends of the
flux guides 7 such that the magnetic force between the
flux guides and the magnetic core is maximized. The

magnetic flux leaking between the body of the flux guides
and the magnetic core does not contribute efficiently to
support the desired magnetic force during latching or
switching operation and decreases the magnetic efficien-
cy of the assembly. It is thus desired to minimize the
leakage flux and maximize the magnetic flux guided
through the ends of the flux guides and the magnetic
induction achieved at and near the latching surface.
[0057] This is achieved by using flux guides 7 which
are C-shaped or arc shaped such that the plane of the
C-shape or of the arc shape is in the plane of the electrical
steel strip or sheet, as shown in Figure 3. The latching
surface of the flux guide is used here to refer to the sur-
face of the flux guide which is designed to come in contact
or almost in contact to the magnetic core in a latched
position.
[0058] In plane fabrication also allows for easy imple-
mentation of flux concentrator features near the ends of
the flux guides. As shown in Figure 4, the ends of the flux
guides may feature chamfers 11 on one or both sides
with angles up to 50° from the latching surface 12. These
chamfers 11 serve to concentrate the magnetic flux at
the latching surface 12 of the flux guide 7 and maximize
the value of the magnetic induction, resulting in increased
latching force and efficiency of the relay.
[0059] Furthermore, the invention described here in-
corporates flux guides 7 with almost square cross section
at the latching surface 12 which provides an approxi-
mately uniform distribution of the magnetic flux over the
latching area. The almost uniform distribution of the mag-
netic flux allows maximizing the magnetic flux per unit
area allowing further boosting the efficiency of the relay.
[0060] Electrical steel strips typically feature better
magnetic properties along a preferred direction, which
for example, is given by the rolling direction in cold-rolled
electrical steel strips. Surprisingly it was found that the
enhanced magnetic properties along the preferred direc-
tion of the electrical strip can be employed to boost the
performance of the relay such as improving the efficiency
and the clamping force. This is achieved by judiciously
orienting the laminations employed to fabricate the mag-
netic core and the flux guides with respect to the preferred
magnetic direction of the electrical steel strips. The mag-
netic reluctance and the magnetic losses of the core are
decreased by orienting the core lamination(s) such that
the longest dimension of the laminations is aligned along
the preferred magnetic direction of the strips. It was found
here that the optimum orientation of the laminations em-
ployed in the flux guides shall be selected with respect
to the latching surface. The magnetic induction at the
latching surface is maximized by orienting the flux guide
laminations such that the latching surface is almost or-
thogonal to the preferred magnetic direction of the elec-
trical steel strips. In this way it can be ensured that clamp-
ing force and the efficiency of the relay are maximized.
[0061] The magnetic flux is generated by one or more
permanent magnets 8, 8a mounted between the flux
guides 7, as shown for example in Figure 5. A unique
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feature of the inventive design is that the magnets 8, 8a
are positioned on one side of the flux guides 7 so as to
create a partially overlap not exceeding 40% of the width
of the flux guide 7.
[0062] The permanent magnet(s) are positioned in
close vicinity to the flux guides 7 and may come in contact
with the flux guides 7 or be separated by a small gap.
This approach has the advantages of better flux coupling,
reduction of errors due to tolerances, as the magnets 8,
8a sit close and overlap with the flux guides 7. In addition,
this arrangement increases the reliability of the relay
body as the flux guides 7 are also held in place on the
relay body by attractive forces exerted by the permanent
magnets 8, 8a. This reduces the requirements on the
mechanical fixations for the flux guides and/or for the
permanent magnet(s) resulting in easier and cheaper
construction of the relay..
[0063] Whether the holding force is achieved with a
single magnet 8a or for instance, two separate magnets
8, the design according to the invention as shown here
in the figures incorporates a hole through the center of
mass of the relay body which acts as the bearing surface
for a shaft 9 that fixes the axis of rotation, see figure 5.
The careful selection of the center of mass as the axis
of rotation greatly increases the reliability and resistance
to the relay accidentally unlatching due to mechanical
shock or vibration. In the various potential embodiments
of the design, the flux guides 7 are either symmetrically
mounted around the center of mass with a single magnet
8a that has a hole through the center or with two separate,
equivalent, magnets 8 with the hole passing symmetri-
cally between the two magnets 8.
[0064] One of the most important and assumed criteria
for an ultra low energy relay, is that the switching motion
has little resistance due to friction. In the design according
to the invention as shown in the figures, low friction is
achieved by the use of a shaft 9 made of non-ferroelectric
metalling materials with copper as the main constituent.
The shaft 9 has a head 13, middle and base section 14,
15, see Figure 6. The head 13 is designed to hold the
relay in place and minimize motion along the shaft; while
the middle section 14 provides a low fiction rotation sur-
face. The base section 15 ensures that the shaft 9 is held
in the housing at a specific position to prevent a com-
pressive load on the relay from the remainder of the as-
sembly.
[0065] The novel design presented in this invention al-
lows maximizing the magnetic forces and the efficiency
of bi-stable relays by employing an improved construc-
tion of the relay and superior magnetic materials such as
electrical steels. This approach allows reducing the size
of the magnetic parts involved in the construction of the
relay resulting in lower cost, faster switching operation,
and improved withstand of vibrations and shock due to
the lower mass of the components. The reduced size of
the magnetic core 5 allows to significantly reduce the size
and the resistance of the electrical windings allowing to
save on expensive wire material, usually copper, and to

further improve the efficiency of the relay.

Claims

1. A bi-stable relay (1) consisting of a supporting struc-
ture carrying at least one set of electrical contacts,
a U-shaped magnetic core (5) being fixed to the sup-
porting structure, electrical winding around the said
core (5), and an armature provided with means to
pivot around a rotation axis and where the said ar-
mature comprises a frame supporting two springs,
at least one contact bridge (6), one or more perma-
nent magnets (8, 8a), and two flux guides (7) char-
acterized in that

- the flux guides (7) are symmetrically arranged
with respect to the rotation axis
- the flux guides (7) and the magnetic core (5)

List of reference signs

1 Bistable relay

2 Auxiliary contact

3 Auxiliary contact

4 Driving coil

5 Latching core

6 Contact bridge

7 Flux guide

8, 8a Permanent magnet

9 Shaft

11 Chamfered edge

12 Latching or contact surface

13 Head

14 Middle section

15 Base section

16 Center of rotation

20 Latching contact

22 Latching contact

48 Spring

58 spring

62 Mechanical flux guide

64 Mechanical flux guide

66 Housing magnets

70 Extension

72 Extension

R Arrow indicating rolling direction
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feature a planar layout
- the major plane of the flux guides (7) is posi-
tioned perpendicular to the major plane of the
magnetic core (5)
- the flux guides (7) and the magnetic core (5)
are made from one or more laminations being
stacked together
- the center of mass of the frame is approximate-
ly located on the rotation axis.

2. A bi-stable relay (1) according to claim 1, where the
laminations composing the flux guides (7) and the
magnetic core (5) are made from strips or sheets of
electrical steel with silicon content between 0.5%
and 7%.

3. A bi-stable relay (1) according to any of claims 1 or
2, where the flux guides (7) are C-shaped or arc
shaped such that the plane of the C-shape or of the
arc shape is in the plane of the electrical steel strip
or sheet.

4. A bi-stable relay (1) according to any of claims 1 to
3, where the flux guides (7) are provided with at least
one chamfer near the contact surface (12) between
the flux guides (7) and the core (5).

5. A bi-stable relay (1) according to any of claims 1 to
4, where the latch surface (12) between the flux
guides (7) and the core (5) is rectangular such that
the ratio between the long edge to the short edge of
the rectangle is smaller than 1.6.

6. A bi-stable relay (1) according to any of claims 2 to
5, where the flux guides (7) and/or the magnetic core
(5) are made from cold-rolled electrical steel strips
or sheets which have the thickness comprised be-
tween 0.1 mm and 1 mm and are provided with an
electrically insulating layer.

7. A bi-stable relay (1) according to any of claims 1 to
6, where the permanent magnets (8, 8a) are mount-
ed such that they partly overlap with the flux guides
(7) to result in direct contact or a very small air gap
between the magnets (8, 8a) and the flux guides (7).

8. A bi-stable relay (1) according to any of claims 1 to
7, where the ends of the magnetic core (5) are rigidly
inserted into holes provided into the supporting struc-
ture and the width of the core features at least one
step near the inserted ends to limit the insertion
depth, and where the cross-section profile of the in-
sertion holes present recessed and/or protruded re-
gions to enable smooth and precise mounting of the
core to the supporting structure by press fit.

9. A bi-stable relay (1) according to any of claims 1 to
8, including a pivot pin and a bearing hole enabling

free rotation motion of the armature with respect to
the supporting structure and where the pivot pin is
provided with a stopper such as a collar or a bump
to prevent free translation motion between the pivot
pin and the bearing hole or separation of the two.

10. A bi-stable relay (1) according to claim 9, where the
pivot pin is part of the supporting structure or is a
separate part having one of its end rigidly inserted
into a hole provided in the supporting structure and
where the pivot pin passes through a bearing hole
provided in the armature such that the armature can
freely rotate around the pivot pin.

11. A bi-stable relay (1) according to claim 9, where the
pivot pin is part of the armature frame or is a separate
part having one of its end rigidly inserted into a hole
provided into the armature frame and where the pivot
pin passes through a bearing hole provided in the
supporting structure such that the pin can freely ro-
tate inside the bearing hole.

12. A bi-stable relay (1) according to any of claims 9 to
11, where the pivot pin is a separate part and its
diameter is smaller around the rigidly inserted end
than around the bearing region and where the pivot
pin is preferably made of metal such as brass.

13. A bi-stable relay (1) according to any of claims 6 to
12, where the core laminations are cut or stamped
from electrical steel strips or sheets such that the
longest dimension of the laminations is aligned along
the rolling direction of the strip.

14. A bi-stable relay (1) according to any of claims 6 to
13, where the flux guide laminations are cut or
stamped from electrical steel strips or sheets such
that the direction of the latching surface is aligned
orthogonal to the rolling direction of the strip.

15. A bi-stable relay (1) according to any of claims 9 to
14, where the armature comprises two magnets (8)
mounted on the sides of the pivot pin in a symmetric
arrangement.
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