EP 3 465 722 B1

(19)

(12)

(49)

(21)

(22)

Europdisches
Patentamt

European

Patent Office

Office européen
des brevets

(11) EP 3 465 722 B1

EUROPEAN PATENT SPECIFICATION

Date of publication and mention
of the grant of the patent:
26.04.2023 Bulletin 2023/17
Application number: 16733832.6

Date of filing: 20.06.2016

(51)

(52)

(86)

(87)

International Patent Classification (IPC):

HO1H 50/20 (2006.07) HO1H 50/64 (2006.07)
HO1H 50/04 (2006.07) HO1H 50/34 (2006.01)
HO1H 50754 (2006.01) HO1H 50/60 (2006.0)

Cooperative Patent Classification (CPC):
HO1H 50/20; HO1H 50/045; HO1H 50/34;
HO1H 50/546

International application number:
PCT/US2016/038349

International publication number:
WO 2017/204834 (30.11.2017 Gazette 2017/48)

(54)

ELECTRICAL RELAY DEVICE
ELEKTRISCHE RELAISVORRICHTUNG
DISPOSITIF DE RELAIS ELECTRIQUE

(84)

(30)

(43)

(73)

(72)

Designated Contracting States:

AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

Priority: 27.05.2016 US 201615167231

Date of publication of application:
10.04.2019 Bulletin 2019/15

Proprietors:

TE Connectivity Corporation

Berwyn, PA 19312 (US)

AMP Amermex, S.A. De C.V.

83170 Hermosillo, Sonora (MX)

Tyco Electronics Mexico, S. De R.L. De C.V.
54060 Tlalnepantla (MX)

Inventors:
BLACKMON, Terrance Edward
Winston-Salem, North Carolina 27101 (US)

(74)

(56)

BANAS, Thomas Michael

Kernersville, North Carolina 27284 (US)
DRUMMOND, Darnell Lathal
Winston-Salem, North Carolina 27106 (US)
THRUSH, Roger L.

Clemmons, North Carolina 27012 (US)
JUAREZ GERARDO, Daniel Enrique

85420 Guaymas (MX)

FELIX MORENO, Jose Antonio

85420 Guaymas (MX)

Representative: Johnstone, Douglas lan et al
Baron Warren Redfern

1000 Great West Road

Brentford TW8 9DW (GB)

References cited:
EP-A1-1768 152
EP-A2-2 899 737
WO-A2-2013/159169
US-A1-2010 026 427

EP-A1-2 674 958
WO-A1-2014/093045
US-A1-2004 031 668

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid.

(Art. 99(1) European Patent Convention).

Processed by Luminess, 75001 PARIS (FR)



1 EP 3 465 722 B1 2

Description

[0001] The subject matter herein relates generally to
electrical relay devices. Electrical relay devices are gen-
erally electrically operated switches used to control the
presence or absence of current flowing through a circuit
from a power source to one or more other electrical com-
ponents. The power source may be one or more batter-
ies, for example. Some electrical relays use an electro-
magnet to mechanically operate a switch. The electro-
magnet may physically move a movable electrical con-
tact relative to one or more stationary contacts. The mov-
able electrical contact may form or close a circuit (allow-
ing current to flow through the circuit) when the movable
contact engages one or more of the stationary contacts.
Moving the movable electrical contact away from the sta-
tionary contact(s) breaks or opens the circuit.

[0002] Atleast some electrical relay devices include a
ferromagnetic elementthatis disposed atleast proximate
to the electromagnet such that an induced magnetic field
applies a magnetic force upon the ferromagnetic element
that translates the ferromagnetic element relative to the
electromagnet. The ferromagnetic element is coupled to
a shaft, which extends from the ferromagnetic element
to the movable electrical contact. The shaft is coupled to
both the ferromagnetic element and the movable electri-
cal contact. Therefore, movement of the ferromagnetic
element due to the induced electrical field causes move-
ment of the shaft and the movable electrical contact to-
wards and away from the stationary contacts, forming or
braking a circuit, as described above.

[0003] Known electrical relay devices have some dis-
advantages. For example, the coupling between the shaft
and the ferromagnetic element in some known electrical
relay devices is made via a separate fastener. An addi-
tional fastener is used to couple the shaft to the moving
electrical contact. The particular fasteners used in some
known relay devices are retaining rings, such as E-clips
or C-clips. But, since the retaining rings are separate fas-
teners that are installed to engage to discrete parts, the
retaining rings are prone to moving out of position, and
even falling off of the parts completely. The electrical re-
lay devices may be used on vehicles, such as trains and
automobiles. Vibrations and other forces encountered
during use and/or improper installment during assembly
may cause the retaining rings to loosen, dislodge, and
finally fall off. At such time, the shaft may uncouple from
the ferromagnetic element and/or the movable electrical
contact. In either event, the movable electrical contact
would no longer be coupled, indirectly via the shaft, to
the ferromagnetic element, such that translation of the
ferromagnetic element would not control movement of
the movable electrical contact and the electrical relay de-
vice would cease to function until the fasteners or new
fasteners are replaced.

[0004] A need remains for an electrical relay device
that does not use separate fasteners to couple the shaft
to the movable electrical contact and to the ferromagnetic
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element.

[0005] A prior art carrier sub-assembly for an electrical
relay is disclosed in patent EP 1768152 A1. The carrier
sub-assembly includes a movable core surrounded by a
coil. A shaft, to a first end of which an armature bearing
movable contacts is connected, has a second end se-
cured to the core by means of screw-threaded engage-
ment. The shaft moves together with the core under the
influence of the coil.

[0006] A further prior art carried sub-assembly for an
electrical relay is disclosed in patent EP 2674958 A1 in
which a shaft bearing a movable contact assembly is
laser welded to a movable core.

[0007] A further prior art carrier sub-assembly for an
electrical relay is disclosed in patent US 2010/0026427
A1. A plunger or armature thereof is crimped into en-
gagement with a coupler which is connected to movable
contacts.

[0008] A further prior art carrier sub-assembly for an
electrical relay is disclosed in WO 2014/093045. A shaft
is integrally formed with an armature and bears a mov-
able contact.

[0009] A further prior art carrier sub-assembly (on
which the preamble of claim 1 is based) for an electrical
relay device is disclosed in patent EP 2899737 A2. The
sub-assembly includes a movable core of magnetic ma-
terial. A shaft, on which movable contacts are mounted,
is secured in a passage in the movable core. A reduced
diameter wall portion of the passage engages a shoulder
of the shaft and a fixing member which is received in a
necked portion of the shaft. The necked portion of the
shaft supports ahead at one end of the shaft which retains
the fixing member.

[0010] According to the invention there is provided a
carrier sub-assembly as claimed in claim 1 for an elec-
trical relay device.

[0011] The invention will now be described by way of
example with reference to the accompanying drawings
in which:

Figure 1is afront cross-sectional view of an electrical
relay device formed in accordance with an embodi-
ment.

Figure 2 is a front cross-sectional view of the elec-
trical relay device of Figure 1 with an actuator as-
sembly in a second position.

Figure 3 is a perspective view of a carrier sub-as-
sembly of the electrical relay device according to an
embodiment.

Figure 4 is front view of an actuator assembly of the
electrical relay device with various additional com-
ponents loaded thereon according to an embodi-
ment.

Figure 5 is a cross-sectional view of the carrier sub-
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assembly of the electrical relay device according to
an embodiment.

Figure 6 is a cross-sectional view of the carrier sub-
assembly of the electrical relay device not falling
within the scope of the invention.

[0012] Figure 1 is a front cross-sectional view of an
electrical relay device 100 formed in accordance with an
embodiment. The electrical relay device 100 is an elec-
trically operated switch. For example, the electrical relay
device 100 is used to control the presence or absence
of current flowing through a circuit. The electrical relay
device 100 may close (or form) the circuit to allow current
to flow through the circuit, and the electrical relay device
100 may open (or break) the circuit to stop the flow of
current through the circuit. The electrical relay device 100
is operated to selectively close and open the circuit. Op-
tionally, the circuit may provide a conductive path be-
tween a system power source 102 and an electrical load
104 in the system. The system may be a vehicle, such
as a train car, an automobile, an offroad vehicle, or the
like. When the electrical relay device 100 closes the cir-
cuit, electrical current from the system power source 102
flows to the electrical load 104 to power the electrical
load 104. The system power source 102 may be one or
more batteries, for example. The electrical load 104 may
be one or more electrical components, such as lighting
systems, motors, heating and/or cooling systems, and
the like within the system. The electrical relay device 100
in an embodiment may be installed within a vehicle to
control the flow of current from a battery (or a series of
batteries) to electrical components on the vehicle (for ex-
ample, headlights, interior lights, radio, navigation dis-
play, etc.) to power the electrical components. Alterna-
tive, or in addition, the circuit may provide a conductive
path for electrical energy to flow from the electrical load
104 to the power source 102 in order to recharge the
power source 102. For example, during regenerative
braking, energy is converted to electrical current which
may be routed from the brakes through the electrical relay
device 100 to the battery (or batteries) of the vehicle.

[0013] The electrical relay device 100 includes a hous-
ing 106 and various components within the housing 106.
The relay device 100 includes two stationary contacts
108 held within the housing 106. The stationary contacts
108 are spaced apart from one another to prevent current
from flowing directly between the two stationary contacts
108. The relay device 100 further includes a coil 110 of
wire within the housing 106. The wire coil 110 is electri-
cally connected to a relay power source 112, which pro-
vides electrical energy to the wire coil 110 in order to
induce a magnetic field. The relay power source 112 is
operated to selectively control the magnetic field induced
by the current through the wire coil 110. In an embodi-
ment, the wire coil 110 is spaced apart from the stationary
contacts 108 within the housing 106. For example, the
wire coil 110 in the illustrated embodiment is disposed

10

15

20

25

30

35

40

45

50

55

proximate to a mounting end 114 of the housing 106 in
an electromagnetic region 116 of the housing 106. The
stationary contacts 108, on the other hand, are disposed
more proximate to a top end 118 of the housing 106 within
an electrical circuit region 120 of the housing 106. As
used herein, relative or spatial terms such as "top," "bot-
tom," "front," "rear," "left," and "right" are only used to
distinguish the referenced elements and do not neces-
sarily require particular positions or orientations in the
electrical relay device 100 or in the surrounding environ-
ment of the electrical relay device 100.

[0014] The electrical relay device 100 further includes
an actuator assembly 122 within the housing 106. The
actuator assembly 122 is disposed partially within the
wire coil 110. The actuator assembly 122 includes a mov-
able contact 124 thatis coupled to a carrier sub-assembly
126. The movable contact 124 is coupled to the carrier
sub-assembly 126 such that the movable contact 124
moves with the carrier sub-assembly 126. The movable
contact 124 is located within the electrical circuit region
120 of the housing 106, while part of the carrier sub-
assembly 126 is located within the electromagnetic re-
gion 116, surrounded by the wire coil 110. In an embod-
iment, the actuator assembly 122 is configured to move
along an actuation axis 128 between a first position and
a second position based on a presence or absence of a
magnetic field induced by current through the wire coil
110. The actuator assembly 122 moves along the actu-
ation axis 128 by translating towards and away from the
top end 118 of the housing 106, for example. The actuator
assembly 122 is moved by a magnetic force that acts
upon the carrier sub-assembly 126. For example, when
the relay power source 112 applies a current to the wire
coil 110, the current through the wire coil 110 induces a
magnetic field that acts on the portion of the carrier sub-
assembly 126 located within the electromagnetic region
116 of the housing 106, causing the carrier sub-assembly
126 and the movable contact 124 coupled thereto to
move along the actuation axis 128. When the current
from the relay power source 112 ceases, the wire coil
110 no longer induces the magnetic field that acts upon
the carrier sub-assembly 126, and the actuator assembly
122 returns to a starting position.

[0015] Figure 1 shows the actuator assembly 122 in
the first position. When the actuator assembly 122 is in
the first position, the movable contact 124 is spaced apart
from the stationary contacts 108 such that the movable
contact 124 is not directly engaged with or conductively
connected with either of the stationary contacts 108. The
movable contact 124 is separated from the stationary
contacts 108 by a gap 130 that extends along the actu-
ation axis 128. The first position of the actuator assembly
122 may be referred to herein as an open circuit position.
[0016] Figure 2 is a front cross-sectional view of the
electrical relay device 100 with the actuator assembly
122 in the second position. When the actuator assembly
122 is in the second position, the movable contact 124
engages the stationary contacts 108 such that the mov-
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able contact 124 is conductively coupled to both station-
ary contacts 108. There is no longer a gap 130 (shown
in Figure 1) between the movable contact 124 and the
stationary contacts 108. The second position of the ac-
tuator assembly 122 may be referred to herein as a
closed circuit position. The movable contact 124, when
in the closed circuit position, provides a closed circuit
path between the two stationary contacts 108. For ex-
ample, electrical current is allowed to flow from one sta-
tionary contact 108 to the other stationary contact 108
across the movable contact 124, which bridges the dis-
tance between the stationary contacts 108. In the illus-
trated embodiment, when the actuator assembly 122 is
in the closed circuit position, electrical current from the
system power source 102 is conveyed to a first stationary
contact 108A of the stationary contacts 108, along the
movable contact 124, through a second stationary con-
tact 108B of the stationary contacts 108, and to the elec-
trical load 104 to power the load 104. In response to the
actuator assembly 122 moving to the open circuit posi-
tion, the movable contact 124 disengages the stationary
contacts 108, which breaks the circuit and cuts off the
flow of electrical current between the system power
source 102 and the electrical load 104. Although two sta-
tionary contacts 108 are shown in Figures 1 and 2, it is
recognized that the electrical relay device 100 in other
embodiments may have a different number of stationary
contacts 108 and/or a different arrangement of stationary
contacts 108. Forexample, the movable contact 124 may
be permanently electrically connected one stationary
contact and may be configured to move relative to a sec-
ond stationary contact, to engage and disengage the sec-
ond stationary contact, in order to close and open a circuit
between the two stationary contacts.

[0017] The position of the actuator assembly 122, and
the movable contact 124 thereof, is controlled by the relay
power source 112, which controls the supply of current
to the wire coil 110 to induce the magnetic field. For ex-
ample, the actuator assembly 122 may be in the open
circuit position in response to the relay power source 112
not supplying electrical current to the wire coil 110 or in
response to the relay power source 112 supplying an
electrical current to the wire coil 110 that has insufficient
voltage to induce a magnetic field capable of moving the
actuator assembly 122 to the closed circuit position. The
actuator assembly 122 may be moved to the closed cir-
cuit position in response to the relay power source 112
providing an electrical current to the wire coil 110 that
has sufficient voltage to induce a magnetic field that
moves the actuator assembly 122 to the closed circuit
position. The relay power source 112 may provide be-
tween 2 and 20 V of electrical energy to the wire coil 110
in order to move the actuator assembly 122 from the open
circuit position to the closed circuit position. In an em-
bodiment, the relay power source 112 provides 12 V of
electrical energy to move the actuator assembly 122. By
comparison, the system power source 102 may provide
electrical energy through the electrical relay device 100
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at higher voltages, such as at 120V, 220V, or the like.
The flow of current from the relay power source 112 to
the wire coil 110 is selectively controlled to selectively
operate the electrical relay device 100. For example, the
relay power source 112 may be actuated by a human
operator and/or may be actuated automatically by an au-
tomated controller (not shown) that includes one or more
processors or other processing units.

[0018] The carrier sub-assembly 126 includes a plung-
er 132 and a shaft 134. The plunger 132 defines a channel
136 that extends axially through the plunger 132 between
a top side 138 and a bottom side 140 of the plunger 132.
The shaft 134 is held within the channel 136 of the plunger
132. The shaft 134 is directly secured to the plunger 132.
As used herein, two components are "directly secured"
to one another when the two components mechanically
engage one another and are fixed to one another without
any discrete components between the two components
that are used to secure the two components together.
Examples of such discrete components include fasteners
that are separate from the shaft 134 and the plunger 132,
such as E-clips and C-clips (which are prone to dislodging
due to vibration and/or other forces encountered during
use).

[0019] The shaft 134 and the plunger 132 are config-
ured to move together within the electrical relay device
100 along the actuation axis 128. The shaft 134 extends
between a contact end 142 and an opposite plunger end
144. The shaft 134 extends through the channel 136 of
the plunger 132 such that a segment of the shaft 134
protrudes from the top side 138 of the plunger 132. The
segment of the shaft 134 protruding from the top side
138 includes the contact end 142 of the shaft 134. The
shaft 134 secures to the movable contact 124 at or prox-
imate to the contact end 142. The movable contact 124
is spaced apart from the plunger 132 along the actuation
axis 128. In an embodiment, the shaft 134 directly se-
cures to the plunger 132 at or proximate to the plunger
end 144, and the shaft 134 directly secures to the mov-
able contact 124 at or proximate to the contact end 142.
The shaft 134, the plunger 132, and the movable contact
124 of the actuator assembly 122 are configured to move
together along the actuation axis 128 towards and away
from the stationary contacts 108.

[0020] In an embodiment, the movable contact 124 is
disposed within the electrical circuit region 120 of the
housing 106, the plunger 132 is disposed within the elec-
tromagnetic region 116 of the housing 106, and the shaft
134 extends into both the electrical circuit region 120 and
the electromagnetic region 116. Forexample, the contact
end 142 of the shaft 134 is within the electrical circuit
region 120, and the plunger end 144 is within the elec-
tromagnetic region 116. The electrical relay device 100
may further include a core plate 148 that is coupled to
the housing 106 and fixed in place relative to the housing
106. The core plate 148 may define at least part of a
divider wall 156 between the electrical circuit region 120
above and the electromagnetic region 116 below. The
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core plate 148 defines an opening 150 that receives the
shaft 134 therethrough. The shaft 134 extends through
the opening 150 of the core plate 148 such that the con-
tact end 142 is above a top side 152 of the core plate
148 and the plunger end 144 is below a bottom side 154
of the core plate 148. The core plate 148 is disposed
between the movable contact 124 and the plunger 132.
In an embodiment, the top side 138 of the plunger 132
is configured to engage the bottom side 154 of the core
plate 148 when the actuator assembly 122 is in the closed
circuit position, as shown in Figure 2. For example, the
bottom side 154 of the core plate 148 may provide a hard
stop surface that limits the movement of the actuator as-
sembly 122 towards the stationary contacts 108 to pre-
vent excess movement that may damage the movable
contact 124 or other components of the electrical relay
device 100.

[0021] The plunger 132 may be surrounded by the coil
110 of wire. For example, the plunger 132 is disposed
within a passage 146 that is radially interior of the wire
coil 110. The plunger 132 is formed of a ferromagnetic
material. For example, the plunger 132 may be formed
of iron, nickel, cobalt, and/or an alloy containing one or
more of iron, nickel, and cobalt. The plunger 132 has
magnetic properties that allow the plunger 132 to trans-
late in the presence of an induced magnetic field by the
wire coil 110. In an embodiment, the shaft 134 is formed
of a metal material that is different than the ferromagnetic
material of the plunger 132. For example, the ferromag-
netic material of the plunger 132 has a greater magnetic
permeability than the metal material of the shaft 134. As
used herein, magnetic permeability refers to a degree of
magnetization that a material obtains in response to an
applied magnetic field. The metal material of the shaft
134 optionally may be aluminum, titanium, zinc, or the
like, or an alloy such as stainless steel or brass.

[0022] The shaft 134 is directly secured to the plunger
132 without using any intervening discrete components,
such as bolts, screws, C-clips, E-clips, and other fasten-
ers, and also adhesives that provide a chemical bond.
The shaft 134 may be held within the channel 136 of the
plunger 132 via an interference fit. The shaft 134 is se-
cured within the channel 136 via flanges on the shaft 134
that mechanically engage corresponding shoulders
and/or surfaces of the plunger 132. In the illustrated em-
bodiment, the shaft 134 includes an end flange 158 at
the plunger end 144. The end flange 158 has a greater
diameter than the channel 136 at the bottom side 140 of
the plunger 132. As a result, the end flange 158 engages
the bottom side 140 of the plunger 132. The end flange
158 abuts the bottom side 140, which prohibits the shaft
134 from moving axially relative to the plunger 132 (for
example, from being pulled out of the channel 136) in a
direction from the bottom side 140 towards the top side
138 of the plunger 132. In another embodiment, the end
flange 158 is configured to engage a bottom shoulder
212 (shown in Figure 5) of the plunger 132 that is prox-
imate to the bottom side 140 instead of engaging the
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bottom side 140. The shaft 134 also includes an inter-
mediate flange 216 located along a segment of the shaft
134 within the channel 136 of the plunger 132 and spaced
apart from the end flange 158. The intermediate flange
216, as described in more detail with reference to Figure
5, is configured to engage a second shoulder 210 of the
plunger 132 within the channel 136. The intermediate
flange 216 abuts the second shoulder to prohibit the shaft
134 from moving axially relative to the plunger 132 (for
example, from being pulled out of the channel 136) in a
direction from the top side 138 of the plunger 132 towards
the bottom side 140. Thus, the end flange 158 and the
intermediate flange 216 may functionally lock the shaft
134 axially to the plunger 132, which directly secures the
shaft 134 to the plunger 132.

[0023] In an embodiment, the shaft 134 is directly se-
cured to the movable contact 124 at or proximate to the
contactend 142 such that no intervening fastener is used
to secure the shaft 134 to the movable contact 124. In
the illustrated embodiment, the contact end 142 of the
shaft 134 is defined by at least two deflectable prongs
162. The prongs 162 are configured to extend through
an aperture 164 in the movable contact 124. The prongs
162 have catch surfaces 186 (shown in more detail in
Figure 3) thatengage the movable contact 124 to directly
secure the shaft 134 to the movable contact 124. The
movable contact 124 is formed of an electrically conduc-
tive first metal material, such as copper and/or silver. The
movable contact 124 in an embodiment may be solid
copper that is optionally silver-plated. The shaft 134 is
formed of a different, second metal material, such as
stainless steel (as described above). The first metal ma-
terial of the movable contact 124 has a greater electrical
conductivity than the second metal material of the shaft
134. Thus, the movable contact 124 conducts electricity
more readily or to a greater degree than the shaft 134.
Put another way, current flows with less resistance along
the movable contact 124 than along the shaft 134. As a
result, when the actuator assembly 122 is in the closed
circuit position as shown in Figure 2 and the movable
contact 124 engages the stationary contacts 108, a sub-
stantial majority of the electrical energy propagates along
the movable contact 124 between the stationary contacts
108 and an insubstantial amount of electrical energy, if
at al1, propagates along the shaft 134.

[0024] Figure 3 is a perspective view of the carrier sub-
assembly 126 of the electrical relay device 100 (shown
in Figure 1) accordingtoan embodiment. In the illustrated
embodiment, the plunger 132 has a generally cylindrical
shape extending between the top side 138 and the bot-
tom side 140. The plunger 132 optionally includes a
flange 170 that defines the top side 138. A bottom lip 172
of the flange 170 may be configured to engage ends 174
(shown in Figure 1) of guide walls 176 (Figure 1). For
example, the guide walls 176 may guide the movement
of the actuator assembly 122 (Figure 1) along the actu-
ator axis 128 (Figure 1). The ends 174 of the guide walls
176 may be configured to provide a hard stop surface
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that prevents the actuator assembly 122 from moving
excessively in a direction away from the stationary con-
tacts 108. The bottom lip 172 of the flange 170 optionally
may abut the ends 174 of the guide walls 176 when the
actuator assembly 122 is in the open circuit position, as
shown in Figure 1. Although the plunger 132 is described
as having a generally cylindrical shape, the plunger 132
may have other shapes in other embodiments, such as
a prism shape with any number of sides. In an arrange-
ment not falling within the scope of the invention, the
plunger 132 is a single, unitary component that is formed
via a molding process, such as die casting, injection
molding, or the like.

[0025] The contact end 142 of the shaft 134 is defined
by at least two deflectable prongs 162. The shaft 134
includes three deflectable prongs 162 in the illustrated
embodiment, but other embodiments may include two
prongs 162 or more than three prongs 162. The prongs
162 define a cavity 178 therebetween. The deflectable
prongs 162 each have a fixed end 180 and a free end
182. The fixed ends 180 hold the prongs 162 onto the
shaft 134. The free ends 182 of the prongs 162 are sup-
ported by the fixed ends 180 and together define the con-
tactend 142 of the shaft 134. The deflectable prongs 162
are configured to deflect radially inward at least partially
into the cavity 178. For example, as the contact end 142
of the shaft 134 is loaded through the aperture 164
(shown in Figure 2) of the movable contact 124 (Figure
2) during assembly of the electrical relay device 100 (Fig-
ure 2), the prongs 162 may deflect at least partially into
the cavity 178 to reduce the diameter of the shaft 134 at
the contact end 142 and allow the contact end 142 to be
received within the aperture 164. In an embodiment, the
deflectable prongs 162 are configured to resiliently return
towards an original position once a biasing force is re-
moved. The deflectable prongs 162 are in the original
position in Figure 3. The biasing force may be a normal
force exerted on the prongs 162 by interior walls that
define the aperture 164 of the movable contact 124. The
biasing force may be removed once certain portions of
the prongs 162 extend beyond the aperture 164. When
the prongs 162 resiliently return towards the original po-
sition, the prongs 162 extend radially outward from the
deflected positions, which increases the diameter of the
shaft 134 atthe contactend 142. The prongs 162 engage
the movable contact 124 and directly secure the movable
contact 124 to the shaft 134. It is recognized that the
prongs 162 resiliently return in a direction "towards" the
original position once the biasing force is removed, but
may not necessarily achieve the original position due to
residual biasing forces on the prongs 162 or the like.
[0026] In the illustrated embodiment, the deflectable
prongs 162 each include a hook feature 184 at the re-
spective free end 182. The hook feature 184 protrudes
radially outward. The hook feature 184 defines a catch
surface 186. The catch surface 186 of each hook feature
184 generally faces towards the top side 138 of the plung-
er 132. In an embodiment, as shown in Figure 4 below,

10

15

20

25

30

35

40

45

50

55

the catch surfaces 186 of the deflectable prongs 162 are
configured to engage the movable contact 124 once the
deflectable prongs 162 have resiliently returned towards
the original position to secure the movable contact 124
to the shaft 134. In an embodiment, the shaft 134 is a
single, unitary component such that the deflectable
prongs 162 are integral to the other segments of the shaft
134. The shaft 134 optionally may be stamped and
formed (or rolled) into a cylindrical shape from a sheet
or panel of metal. Alternatively, the shaft 134 may be
molded, such as via die casting, injection molding, or the
like. In an alternative embodiment, the shaft 134 does
not include deflectable prongs at the contact end 142.
For example, the contactend 142 may have a rigid struc-
ture thatincludes an annular flange that defines the catch
surface 186. The flange may be greater in size than the
aperture 164, and the shaft 134 may be coupled to the
movable contact 124 by loading the plunger end 144 first
through the aperture 164 (instead of the contact end 142
first).

[0027] Figure 4 is front view of the actuator assembly
122 of the electrical relay device 100 (shown in Figure
1) with various additional components loaded thereon
according to an embodiment. The illustrated components
include the divider wall 156, a contact spring 190, and a
plunger spring 192. The contact spring 190 surrounds a
segment of the shaft 134 that is axially between the mov-
able contact 124 and the plunger 132. More specifically,
the contact spring 190 surrounds the segment of the shaft
134 that extends between the movable contact 124 and
the divider wall 156. The plunger spring 192 surrounds
adifferent segment of the shaft 134 that extends between
the divider wall 156 and the plunger 132. The springs
190, 192 are used to bias the actuator assembly 122
relative to the divider wall 156. For example, the springs
190, 192 may control the location of the actuator assem-
bly 122 when the actuator assembly 122 is not influenced
by an induced magnetic field, such as when the actuator
assembly 122 is in the open circuit position.

[0028] The various components shown in Figure 4 are
assembled onto the carrier sub-assembly 126 by loading
the components onto the shaft 134. For example, the
shaft 134 is directly secured to the plunger 132 to form
the carrier sub-assembly 126, and the other components
are subsequently loaded onto the shaft 134. In an em-
bodiment, the components are loaded one by one in a
loading direction 194 from the contact end 142 of the
shaft 134 towards the plunger end 144. The plunger
spring 192 may be loaded onto the shaft 134 in the load-
ing direction 194 first. The divider wall 156 is loaded onto
the shaft 134 after the plunger spring 192. The divider
wall 156 in an embodiment includes the core plate 148
and a guide layer 196 disposed on the top side 152 of
the core plate 148. The guide layer 196 may be coupled
to the core plate 148 to define the divider wall 156 prior
to being loaded onto the shaft 134, or may be loaded
onto the shaft 134 separate from, and subsequent to, the
core plate 148 being loaded onto the shaft 134. In an
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embodiment, the divider wall 156 engages a shoulder
188 (shown in Figure 3) of the shaft 134, either directly
or indirectly via a washer (not shown) or another compo-
nent, which provides a hard stop surface that prevents
further movement of the divider wall 156 in the loading
direction 194. The contact spring 190 is loaded onto the
shaft 134 subsequent to the guide layer 196. The contact
spring 190 may engage the guide layer 196 directly or
indirectly through a washer (not shown) or the like. The
movable contact 124 is loaded onto the shaft 134 after
the contact spring 190.

[0029] The movable contact 124 has an inner side 198
and an opposite, outer side 200. The inner side 198 of
the movable contact faces towards the divider wall 156.
The contact spring 190 is configured to engage the inner
side 198. As the movable contact 124 is loaded onto the
shaft 134 over the contact end 142, the hook features
184 of the deflectable prongs 162 engage the interior
walls (not shown) that define the aperture 164 (shown in
Figure 2) of the movable contact 124 proximate to the
inner side 198. The prongs 162 deflect radially inward to
allow the hook features 184 to be received through the
aperture 164 as the movable contact 124 is moved in the
loading direction 194. Once the hook features 184 of the
prongs 162 clear the edge of the aperture 164 at the outer
side 200 of the movable contact 124, the deflectable
prongs 162 resiliently return towards the respective orig-
inal positions. For example, the deflectable prongs 162
move radially outward such that the hook features 184
partially overlap the outer side 200 of the movable contact
124 around the aperture 164. In an embodiment, the
catch surfaces 186 of the hook features 184 are config-
ured to engage the outer side 200 of the movable contact
124. The catch surfaces 186 abut the outer side 200 to
prohibit the movable contact 124 from moving in a direc-
tion opposite the loading direction 194 relative to the shaft
134. In an embodiment, the contact spring 190 is config-
ured to apply a spring force on the inner side 198 of the
movable contact 124 to force the movable contact 124
into engagement with the catch surfaces 186. The con-
tact spring 190 is configured to control the spacing be-
tween the movable contact 124 and the guide layer 196
of the divider wall 156. In an embodiment, no fasteners
orother discrete components are used to secure the mov-
able contact 124, the divider wall 156, the contact spring
190, or the plunger spring 192 to the carrier sub-assembly
126.

[0030] Figure 5is a cross-sectional view of the carrier
sub-assembly 126 of the electrical relay device 100
(shownin Figure 1) according to an embodiment. As stat-
ed above, the shaft 134 is directly secured to the plunger
132, meaning that a discrete fastener, such as a clip, is
not used to secure the shaft 134 to the plunger 132. The
shaft 134 may be directly secured to the plunger 132 by
an interference fit within the channel 136. For example,
an outer surface 202 of the shaft 134 may engage interior
walls 204 of the plunger 132 that define the channel 136.
The diameter of the channel 136 may be approximately
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equal to the diameter of one or more segments of the
shaft 134 within the channel 136, such that the outer sur-
face 202 significantly engages and interferes with the
interior walls 204 of the plunger 132. The outer surface
202 of the shaft 134 optionally may include crush ribs
(not shown) or other protrusions that engage the interior
walls 204 and increase the amount of interference.
[0031] In the illustrated embodiment, the plunger 132
defines a broad region 206 of the channel 136 and a
narrow region 208 of the channel 136. The broad region
206 extends from the top side 138 of the plunger 132 to
the narrow region 208, and the narrow region 208 ex-
tends from the broad region 206 towards the bottom side
140 of the plunger 132. The narrow region 208 does not
extend fully to the bottom side 140 in the illustrated em-
bodiment because the interior walls 204 define a flared
bottom shoulder 212 between the narrow region 208 and
the bottom side 140. In an alternative embodiment, how-
ever, the narrow region 208 extends fully to the bottom
side 140. The broad region 206 has a greater diameter
than the narrow region 208. The interior walls 204 of the
plunger 132 define a shoulder 210 within the channel 136
that separates the broad region 206 from the narrow re-
gion 208.

[0032] Optionally, the broad region 206 has a diameter
thatis greater than a diameter of the segment of the shaft
134 disposed within the broad region 206 such that a
radial gap 214 extends between the interior walls 204 of
the plunger 132 and the outer surface 202 of the shaft
134. The radial gap 214 may have a ring shape that ex-
tends fully around the perimeter of the shaft 134. In an
embodiment, the radial gap 214 is configured to receive
a portion of the plunger spring 192 (shown in Figure 4)
therein. An end of the plunger spring 192 may engage
and apply a spring force onto the shoulder 210 within the
channel 136.

[0033] Intheillustrated embodiment, the shaft 134 in-
cludes the end flange 158 at the plunger end 144 of the
shaft 134, and the shaft 134 alsoincludes anintermediate
flange 216 that is spaced apart from end flange 158. For
example, the intermediate flange 216 is disposed more
proximate to the contactend 142 than the relative location
of the end flange 158 to the contact end 142. The inter-
mediate flange 216 is disposed on a segment of the shaft
134 that is received within the channel 136, such that the
intermediate flange 216 is located within the channel 136.
A narrow segment 218 of the shaft 134 extends between
the end flange 158 and the intermediate flange 216. The
end flange 158 and the intermediate flange 216 both are
stepped radially outward from the outer surface 202 of
the shaft 134 along the narrow segment 218. The end
flange 158 and the intermediate flange 216 define a re-
cess 220 therebetween. The recess 220 extends axially
along the length of the narrow segment 218 and radially
between the outer surface 202 of the narrow segment
218 and the outer surface 202 of the end flange 158
and/or the intermediate flange 216.

[0034] In an embodiment, the interior walls 204 of the
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plunger 132 along the narrow region 208 extend into the
recess 220 between the end flange 158 and the interme-
diate flange 216 to secure an axial position of the shaft
134 relative to the plunger 132. For example, the narrow
region 208 of the channel 136 may have an axial length
that is less than or approximately equal to an axial length
of the narrow segment 218 of the shaft 134 such that the
interior walls 204 are received within the recess 220. The
intermediate flange 216 of the shaft 134 may be config-
ured to engage the shoulder 210 of the plunger 132 within
the channel 136 to restrict axial movement of the shaft
134 relative to the plunger 132 in a direction from the top
side 138 of the plunger 132 to the bottom side 140. In
addition, the end flange 158 may be configured to engage
the bottom shoulder 212 (or the bottom side 140) of the
plunger 132 to restrict axial movement of the shaft 134
relative to the plunger 132 in an opposite direction from
the bottom side 140 to the top side 138. Thus, the narrow
region 208 of the channel 136 is received in the recess
220 of the shaft 134, which directly secures the shaft 134
to the plunger 132, effectively mechanically locking the
shaft 134 within the channel 136 of the plunger 132. Op-
tionally, the diameter of the narrow region 208 of the
channel 136 may be approximately equal to a diameter
of the narrow segment 218 of the shaft 134 such that little
to no clearance exists between the interior walls 204 of
the plunger 132 and the outer surface 202 of the shaft
134. The interior walls 204 engage the outer surface 202,
providing an interference fit that supports the coupling of
the shaft 134 to the plunger 132.

[0035] In an embodiment, the end flange 158 of the
shaft 134 is formed in-situ after loading the shaft 134 into
the channel 136 of the plunger 132. For example, the
shaft 134 may be loaded into the channel 136 from the
top side 138 towards the bottom side 140. The plunger
end 144 of the shaft 134 may be mechanically flared or
spread outward to form the end flange 158 after the shaft
134 is loaded into the channel 136 such that the end
flange 158 extends radially outward beyond at least a
portion of the bottom shoulder 212, as shown in Figure
5. In an alternative embodiment, the plunger end 144 is
flared to extend radially outward beyond at least a portion
of the bottom side 140 of the plunger 132. The plunger
end 144 may be mechanically flared or spread using a
tool that cuts and bends the metal material of the shaft
134. For example, the plunger end 144 in the illustrated
embodiment includes an indentation 222 that may be
formed by mechanically cutting and flaring the plunger
end 144 to form the end flange 158 after the shaft 134 is
loadedintothe channel 136. Alternatively, the indentation
222 may be pre-formed along the plunger end 144 of the
shaft 134 prior to loading the shaft 134 into the channel
136.

[0036] In an alternative arrangement not falling within
the scope of the invention, the shaft 134 may be directly
secured to the plunger 132 via a threaded coupling. For
example, the outer surface 202 of the shaft 134 may de-
fine helical threads (not shown) along at least a segment
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of the shaft 134 that engages the interior walls 204 of the
plunger 132 (such as the narrow segment 218 of the shaft
134 shown in Figure 5). In addition, the interior walls 204
of the plunger 132 may include complementary helical
threads along at least a region of the channel 136 that
engages the outer surface 202 of the shaft 134 (such as
the narrow region 208 of the channel 136 shown in Figure
5). The shaft 134 may be loaded into the channel 136 by
rotating the shaft 134 (and/or the plunger 132) such that
the complementary threads engage one another, and the
shaft 134 is effectively screwed into the channel 136 of
the plunger 132. Optionally, the shaft 134 and the plunger
132 may be threadably coupled in addition to using the
end flange 158 and the intermediate flange 216 to lock
the axial position of the shaft 134 within the channel 136.
[0037] In another alternative arrangement not falling
within the scope of the invention, instead of flaring or
spreading the plunger end 144 of the shaft 134 after load-
ing the shaft 134 into the channel 136, the plunger end
144 may be formed to include deflectable prongs (not
shown), which may be similar to the prongs 162 at the
contact end 142 of the shaft 134. For example, the de-
flectable prongs at the plunger end 144 may be config-
ured to deflect radially inwards as the prongs are loaded
through the channel 136 (such as through the narrow
region 208 of the channel 136). Once hook features at
ends of the prongs protrude beyond the bottom shoulder
212 and/or beyond the bottom side 140 of the plunger
132, the prongs may resiliently return towards an unbi-
ased position. The prongs returning towards the unbi-
ased position may extend radially outward to engage the
bottom shoulder 212 and/or the bottom side 140 to di-
rectly secure the shaft 134 to the plunger 132. The prongs
at the plunger end 144 may be used in addition to thread-
ably coupling the shaft 134 to the plunger 132, providing
an interference fit between the shaft 134 and the plunger
132, and/or other coupling means in order to directly se-
cure the shaft 134 to the plunger 132. In an alternative
embodiment, the shaft 134 does not include the deflecta-
ble prongs 162 at the contact end 142.

[0038] Figure 6 is a cross-sectional view of the carrier
sub-assembly 126 of the electrical relay device 100
(shown in Figure 1) according to an alternative arrange-
ment not falling within the scope of the invention. Like
the carrier sub-assembly 126 shown and described in
Figure 5, the carrier sub-assembly 126 of Figure 6 in-
cludes the shaft 134 that is directly secured to the plunger
132. But, unlike, the carrier sub-assembly 126 shown in
Figure 5, the carrier sub-assembly 126 of Figure 6 is a
one-piece component in which the shaft 134 and the
plunger 132 are formed integral to one another. The shaft
134 is directly secured to the plunger 132 (for example,
without a discrete component between the shaft 134 and
the plunger 132 securing the shaft 134 to the plunger
132) because the shaft 134 and the plunger 132 are both
parts of the same unitary construction. For example, the
plunger end 144 of the shaft 134 is fixed to the plunger
132. In the illustrated embodiment, the plunger end 144
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is fixed to the plunger 132 at an axial location that is
recessed relative to the top side 138 of the plunger 132.
The radial gap 214 that is configured to receive the plung-
er spring 192 (shown in Figure 4) is defined axially be-
tween the top side 138 and the location where the plunger
end 144 of the shaft 134 is fixed to the plunger 132.
[0039] The plunger 132 and the shaft 134 are both at
least partially formed of a common metal material. The
plunger 132 is formed at least partially of a ferromagnetic
material. In one embodiment, the common metal material
is a ferromagnetic material, such as iron, nickel, cobalt,
and/or an alloy thereof, such that the shaft 134 and the
plunger 132 are both formed of the ferromagnetic mate-
rial. The shaft 134 may be subsequently coated, such as
via plating, painting, spraying, or the like, in a second
metal material that has a reduced magnetic permeability
relative to the ferromagnetic material used to form the
shaft 134 and the plunger 132. The second metal material
may reduce the magnetic permeability of the shaft 134
without affecting the magnetic permeability of the plunger
132. In another embodiment, the common metal material
used to form the plunger 132 and the shaft 134 is either
not a ferromagnetic material or is a ferromagnetic mate-
rial with a relatively low magnetic permeability, such as
stainless steel. After the forming process, the plunger
132 may be coated, such as via plating, painting, spray-
ing, or the like, in a second ferromagnetic material that
has a greater magnetic permeability than the first ferro-
magnetic material used to form the shaft 134 and the
plunger 132. The second ferromagnetic material may in-
crease the magnetic permeability of the plunger 132 with-
out affecting the magnetic permeability of the shaft 134.
[0040] Asdescribed herein, the actuator assembly 122
(shown in Figure 1), including the movable contact 124
(Figure 1) and the carrier sub-assembly 126 that includes
the shaft 134 and the plunger 132, is assembled without
the use of discrete components, such as E-clips, C-clips,
which risk becoming dislodged during use of the electrical
relay device 100 (Figure 1). The shaft 134 is directly se-
cured to the movable contact 124 and is separately di-
rectly secured to the plunger 132 without the use of any
such discrete components.

[0041] Itisto be understood thatthe above description
is intended to be illustrative, and not restrictive. For ex-
ample, the above-described embodiments (and/or as-
pects thereof) may be used in combination with each
other. In addition, many modifications may be made to
adapt a particular situation or material to the teachings
of the invention without departing from its scope. Dimen-
sions, types of materials, orientations of the various com-
ponents, and the number and positions of the various
components described herein are intended to define pa-
rameters of certain embodiments, and are by no means
limiting and are merely exemplary embodiments. Many
other embodiments and modifications within the scope
of the claims will be apparent to those of skill in the art
upon reviewing the above description. The scope of the
invention should, therefore, be determined with refer-
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ence to the appended claims.

Claims

1. A carrier sub-assembly (126) for an electrical relay
device (100), the carrier sub-assembly comprising:

a plunger (132) formed of a ferromagnetic ma-
terial, the plunger having a generally cylindrical
shape extending between a top side (138) and
a bottom side (140) of the plunger (132), and
a shaft (134) extending between a contact end
(142) and an opposite plunger end (144), the
shaft (134) and the plunger (132) configured to
move together within the electrical relay device
(100), a segment of the shaft (134) including the
contact end (142) protruding from the top side
(138) of the plunger (132) for securing to a mov-
able contact (124) of the electrical relay device,
wherein the plunger (132) defines a channel
(136) extending axially through the plunger
(132) between the top side (138) and the bottom
side (140), the shaft (134) extending through the
channel (136) of the plunger (132) and being
held within the channel (136) of the plunger
(132),

wherein the shaft (134) includes an end flange
(158) at the plunger end (144) and an interme-
diate flange (216) that is located within the chan-
nel (136) of the plunger (132) and spaced apart
from the end flange (158),

characterised in that the end flange (158) and
the intermediate flange (216) define a recess
(220) therebetween, interior walls (204) of the
plunger (132) that define a narrow region (208)
of the channel (136) extending into the recess
(220) to secure an axial position of the shaft
(134) relative to the plunger (132) and the shaft
(134) is directly secured to the plunger (132)
without a discrete component between the shaft
(134) and the plunger (132) securing the shaft
(134) to the plunger (132).

2. The carrier sub-assembly (126) of claim 1, wherein
the shaft (134) is formed of a metal material that is
different than the ferromagnetic material of the
plunger (132), the ferromagnetic material of the
plunger (132) having a greater magnetic permeabil-
ity than the metal material of the shaft (134).

3. The carrier sub-assembly (126) of claim 1, wherein
the contact end (142) of the shaft (134) is defined by
at least two deflectable prongs (162), the deflectable
prongs (162) defining a cavity (178) therebetween,
the deflectable prongs (162) configured to deflect at
least partially into the cavity (178) to allow the contact
end (142) of the shaft (134) to be received in an ap-
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erture (164) of the movable contact (124) during as-
sembly of the electrical relay device (100), the de-
flectable prongs (162) configured to resiliently return
towards an original position once a biasing force is
removed to engage the movable contact (124) and
secure the movable contact (124) to the shaft (134).

The carrier sub-assembly (126) of claim 1, wherein
the end flange (158) is at the plunger end (144), the
end flange (158) having a greater diameter than the
channel (136) at or at least proximate to the bottom
side (140) of the plunger (132), the end flange (158)
engaging at least one of the bottom side (140) or a
bottom shoulder (212) of the plunger (132).

The carrier sub-assembly (126) of claim 1, wherein
the intermediate flange (216) is spaced apart from
the plunger end (144) of the shaft (134), the channel
(136) of the plunger (132) including a broad region
(206) that extends from the top side (138) and the
narrow region (208) that extends from the broad re-
gion (206) towards the bottom side (140), the broad
region (206) having a greater diameter than the nar-
row region (208), the broad region (206) separated
from the narrow region (208) by a shoulder (210) of
the plunger (132), the intermediate flange (216) con-
figured to engage the shoulder (210) within the chan-
nel (136).

The carrier sub-assembly (126) of claim 1, wherein
an outer surface (202) of the shaft (134) engages
interior walls (204) of the plunger (132) that define
the channel (136).

The carrier sub-assembly (126) of claim 1, wherein
a diameter of the narrow region (208) of the channel
(136) is approximately equal to a diameter of the
shaft (134) between the end flange (158) and the
intermediate flange (216) such that the interior walls
(204) of the plunger (132) along the narrow region
(208) engage an outer surface (202) of the shaft
(134) via an interference fit.

Patentanspriiche

Tragerunterbaugruppe (126)fir eine elektrische Re-
lais-Vorrichtung (100), wobei die Tragerunterbau-
gruppe Folgendes umfasst:

einen Plunger (132) aus einem ferromagneti-
schen Material, wobei der Plunger eine allge-
mein zylindrische Form hat, die sich zwischen
einer Oberseite (138) und einer Unterseite (140)
des Plungers (132) erstreckt, und

einen Schaft (134), der sich zwischen einem
Kontaktende (142) und einem gegeniberlie-
genden Plungerende (144) erstreckt, wobei der
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Schaft(134)und der Plunger (132) zum gemein-
samen Bewegen innerhalb der elektrischen Re-
lais-Vorrichtung (100) konfiguriert sind, wobei
ein Segment des Schafts (134) das Kontakten-
de (142) einschlief3t, das von der Oberseite
(138) des Plungers (132) zur Befestigung an ei-
nem beweglichen Kontakt (124) der elektri-
schen Relais-Vorrichtung vorsteht,

wobei der Plunger (132) einen Kanal (136) de-
finiert, der sich axial durch den Plunger (132)
zwischen der Oberseite (138) und der Untersei-
te (140) erstreckt, wobei sich der Schaft (134)
durch den Kanal (136) des Plungers (132) er-
strecktund innerhalb des Kanals (136) des Plun-
gers (132) gehalten wird,

wobei der Schaft (134) einen Endflansch (158)
am Plungerende (144) und einen Zwischen-
flansch (216) aufweist, der sich innerhalb des
Kanals (136) des Plungers (132) befindet und
vom Endflansch (158) beabstandet ist,
dadurch gekennzeichnet, dass der End-
flansch (158) und der Zwischenflansch (216) ei-
ne Aussparung (220) dazwischen definieren,
wobei sich Innenwande (204) des Plungers
(132), die eine schmale Region (208) des Ka-
nals (136) definieren, in die Aussparung (220)
erstrecken, um eine axiale Position des Schafts
(134) relativ zum Plunger (132) zu sichern, und
der Schaft (134) direkt am Plunger (132) gesi-
chert ist, ohne dass eine diskrete Komponente
zwischen dem Schaft (134) und dem Plunger
(132) den Schaft (134) am Plunger (132) sichert.

Tragerunterbaugruppe (126) nach Anspruch 1, wo-
bei der Schaft (134) aus einem Metallmaterial gebil-
detist, das sich vom ferromagnetischen Material des
Plungers (132) unterscheidet, wobei das ferromag-
netische Material des Plungers (132) eine gréRere
magnetische Permeabilitdt hat als das Metallmate-
rial des Schafts (134).

Tragerunterbaugruppe (126) nach Anspruch 1, wo-
bei das Kontaktende (142) des Schafts (134) durch
mindestens zwei auslenkbare Zinken (162) definiert
ist, wobeidie auslenkbaren Zinken (162) einen Hohl-
raum (178) zwischen sich definieren, wobei die aus-
lenkbaren Zinken (162) so konfiguriert sind, dass sie
zumindest teilweise in den Hohlraum (178) ausge-
lenkt werden, um es zuzulassen, dass das Kontak-
tende (142) des Schafts (134) wahrend des Zusam-
menbaus der elektrischen Relais-Vorrichtung (100)
in einer Offnung (164) des beweglichen Kontakts
(124) aufgenommen wird, wobei die auslenkbaren
Zinken (162) so konfiguriert sind, dass sie elastisch
in eine urspriingliche Position zuriickkehren, sobald
eine Vorspannkraft weggenommen wird, um mit
dem beweglichen Kontakt (124) in Eingriff zu kom-
men und den beweglichen Kontakt (124) am Schaft
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(134) zu sichern.

Tragerunterbaugruppe (126) nach Anspruch 1, wo-
bei sich der Endflansch (158) am Plungerende (144)
befindet, wobeider Endflansch (158) einen gréReren
Durchmesser als der Kanal (136) an oder zumindest
nahe der Unterseite (140) des Kolbens (132) hat,
wobei der Endflansch (158) mit mindestens der Un-
terseite (140) und/oder einer unteren Schulter (212)
des Plungers (132) in Eingriff steht.

Tragerunterbaugruppe (126) nach Anspruch 1, wo-
bei der Zwischenflansch (216) vom Plungerende
(144) des Schafts (134) beabstandet ist, wobei der
Kanal (136) des Plungers (132) eine sich von der
Oberseite (138) erstreckende breite Region (206)
und die sich von der breiten Region (206) zur Unter-
seite (140) erstreckende schmale Region (208) auf-
weist, wobei die breite Region (206) einen gréReren
Durchmesser hat als die schmale Region (208), wo-
bei die breite Region (206) von der schmalen Region
(208) durch eine Schulter (210) des Plungers (132)
getrennt ist, wobei der Zwischenflansch (216) so
konfiguriert ist, dass er mit der Schulter (210) inner-
halb des Kanals (136) in Eingriff kommt.

Tragerunterbaugruppe (126) nach Anspruch 1, wo-
bei eine AuRenflache (202) des Schafts (134) an In-
nenwanden (204) des Plungers (132) anliegt, die
den Kanal (136) definieren.

Tragerunterbaugruppe (126) nach Anspruch 1, wo-
bei ein Durchmesser der schmalen Region (208) des
Kanals (136) ungefahr gleich einem Durchmesser
des Schafts (134) zwischen dem Endflansch (158)
und dem Zwischenflansch (216) ist, so dass die In-
nenwande (204) des Plungers (132) entlang der
schmalen Region (208) Giber eine Presspassung an
einer AuRenflache (202) des Schafts (134) anliegen.

Revendications

Sous-ensemble porteur (126) pour un dispositif de
relais électrique (100), le sous-ensemble porteur
comprenant :

un plongeur (132) formé en un matériau ferro-
magnétique, le plongeur ayant une forme cylin-
drique de maniére générale qui s’étend entre un
coté supérieur (138) et un coté inférieur (140)
du plongeur (132), et

un arbre (134) s’étendant entre une extrémité
contact (142) et une extrémité plongeur oppo-
sée (144), l'arbre (134) etle plongeur (132) étant
configurés pour se déplacer ensemble au sein
du dispositif de relais électrique (100), un seg-
mentde I'arbre (134) incluant I'extrémité contact
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(142) faisant saillie a partir du c6té supérieur
(138) du plongeur (132) pour une fixation a un
contact mobile (124) du dispositif de relais élec-
trique,

dans lequel le plongeur (132) définit un canal
(136) qui s’étend axialement a travers le plon-
geur (132) entre le coté supérieur (138) et le
coté inférieur (140), 'arbre (134) s’étendant en-
tre le canal (136) du plongeur (132) et étant
maintenu au sein du canal (136) du plongeur
(132),

dans lequel I'arbre (134) inclut une bride d’ex-
trémité (158) au niveau de I'extrémité plongeur
(144) et une bride intermédiaire (216) qui est
localisée au sein du canal (136) du plongeur
(132) et écartée en espacement par rapport a
la bride d’extrémité (158),

caractérisé en ce quelabride d’extrémité (158)
etlabride intermédiaire (216) définissentunren-
foncement (220) entre elles, des parois intérieu-
res (204) du plongeur (132) qui définissent une
région étroite (208) du canal (136) s’étendant
jusque dans le renfoncement (220) afin de fixer
une position axiale de I'arbre (134) relativement
au plongeur (132) et I'arbre (134) est fixé direc-
tement sur le plongeur (132) sans qu’'un com-
posant distinct entre I'arbre (134) et le plongeur
(132) ne fixe I'arbre (134) sur le plongeur (132).

Sous-ensemble porteur (126) de la revendication 1,
dans lequel I'arbre (134) est formé en un matériau
métallique qui est différent du matériau ferromagné-
tique du plongeur (132), le matériau ferromagnéti-
que du plongeur (132) ayant une plus grande per-
meéabilité magnétique que le matériau métallique de
I'arbre (134).

Sous-ensemble porteur (126) de la revendication 1,
dans lequel I'extrémité contact (142) de I'arbre (134)
est définie par au moins deux griffes défléchissables
(162), les griffes défléchissables (162) définissant
une cavité (178) entre elles, les griffes défléchissa-
bles (162) étant configurées pour étre défléchies au
moins partiellement dans la cavité (178) afin de per-
mettre a I'extrémité contact (142) de I'arbre (134)
d’étre regue dans une ouverture (164) du contact
mobile (124) durant 'assemblage du dispositif de
relais électrique (100), les griffes défléchissables
(162) étant configurées pour revenir élastiquement
vers une position initiale une fois qu’une force de
sollicitation est enlevée pour mettre en prise le con-
tact mobile (124) et fixer le contact mobile (124) a
I'arbre (134).

Sous-ensemble porteur (126) de la revendication 1,
dans lequel la bride d’extrémité (158) est située au
niveau de I'extrémité plongeur (144), la bride d’ex-
trémité (158) ayant un diamétre plus grand que le
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canal (136) au niveau de ou au moins a proximité
du cbté inférieur (140) du plongeur (132), la bride
d’extrémité (158) se mettant en prise avec au moins
un élément parmi le c6té inférieur (140) ou un épau-
lement inférieur (212) du plongeur (132).

Sous-ensemble porteur (126) de la revendication 1,
dans lequel la bride intermédiaire (216) est écartée
en espacement par rapport a I'extrémité plongeur
(144) de l'arbre (134), le canal (136) du plongeur
(132) incluant une région large (206) qui s’étend a
partirdu c6té supérieur (138) et la région étroite (208)
qui s’étend a partir de la région large (206) vers le
cété inférieur (140), la région large (206) ayant un
diameétre plus grand que la région étroite (208), la
région large (206) étant séparée de la région étroite
(208) par un épaulement (210) du plongeur (132), la
bride intermédiaire (216) étant configurée pour se
mettre en prise avec I'épaulement (210) au sein du
canal (136).

Sous-ensemble porteur (126) de la revendication 1,
dans lequel une surface externe (202) de l'arbre
(134) se met en prise avec des parois intérieures
(204) du plongeur qui définissent le canal (136).

Sous-ensemble porteur (126) de la revendication 1,
dans lequel un diamétre de la région étroite (208) du
canal (136) est approximativement égal a un diame-
tre de l'arbre (134) entre la bride d’extrémité (158)
et la bride intermédiaire (216) de telle sorte que les
parois intérieures (204) du plongeur (132) le long de
la région étroite (208) se mettent en prise avec une
surface externe (202) de I'arbre (134) au moyen d’'un
ajustage serré.
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