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Description
BACKGROUND

[0001] Electromechanical switching devices, such as
contactors and relays, are designed to carry a certain
amount of electrical current for certain periods of time.
Such devices are particularly important in electric vehi-
cles. Typically, electric vehicles have multiple electrome-
chanical switches that open or close high current paths
between the battery packs and the electrical system.
These switches are controlled by different actuation me-
chanisms. To prevent short circuit of the battery packs,
electromechanical switching elements of the battery con-
figuration contactor must withstand mechanical shock
and coordinate multiple switches to change a battery
connection configuration.

SUMMARY

[0002] To avoid unwanted switch combinations, a mul-
ti-switch contactor assembly is provided in which a single
mechanical actuation mechanism operates multiple
switches in such a way that dangerous switch combina-
tions are mechanically impossible. In a particular exam-
ple, multiple switches may be actuated by multiple cams
that are coupled to the same cam shaft. Different combi-
nations of switch states (open or closed) among the
multiple switches are realized through rotation of the
cam shaft. This provides a limited set of configuration
states controllable by a single actuator. Different cam
shapes or different orientations of the cams on the cam
shaft may be used to realize the different switch state
combinations. This provides low contact resistance and
high contact force while not requiring power to keep the
switches in a particular state.

[0003] Inaccordance with embodiments of the present
disclosure, contact force is further increased by lever-
aging Loretz forces that act on the moveable contact due
to the shape and orientation of the fixed contact and the
moveable contact. In some examples, the shape and
orientation of the fixed contacts and moveable contacts
are such that a fixed contact and a moveable contact
create a conductor that loops back on itself. In some
implementations, the fixed contact forms a C-shape or
other partial loop shape and the moveable contact is
oriented to contact an inner surface of the fixed contact
within the loop. In the presence of high current through
the fixed contact and the moveable contact, Lorentz
forces acting on the moveable contact repel the move-
able contact toward the fixed contact, thus increasing the
contact force. In some implementations, the multi-switch
contactor assembly includes a pre-charge switch. These
implementations eliminate the need for a separate pre-
charge circuit.

[0004] A particular embodiment is directed to a multi-
switch contactor assembly comprising an array of two or
more switches, each switch comprising a moveable con-
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tact and a fixed contact. The moveable contact is con-
figured to contact a first end of the fixed contact in a
closed switch state. The moveable contact and the fixed
contact are oriented such that current passing between
the moveable contact and the fixed contact induces an
electromagneticfield that acts on the moveable contactin
the direction of the first end of the fixed contact. The multi-
switch contactor assembly further comprises an actuator
assembly configured to actuate each movable contact
simultaneously. The actuator assembly includes a shaft,
wherein the respective switch states of the two or more
switches are changed in dependence upon rotation of the
shaft.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005]

FIG. 1 is a circuit schematic for a multi-switch con-
tactor assembly in accordance with at least one
embodiment of the present disclosure.

FIG. 2A is a diagram of a first state of an example
switch assembly for a multi-switch contactor assem-
bly in accordance with at least one embodiment of
the present disclosure.

FIG. 2B is another state of the example switch as-
sembly of FIG. 2A.

FIG. 3is a diagram of configuration states for a multi-
switch contactor assembly in accordance with at
least one embodiment of the present disclosure.

FIG. 4 is an exploded view of a multi-switch contactor
assembly in accordance with at least one embodi-
ment of the present disclosure.

FIG. 5illustrates various cam shapes in accordance
with embodiments of the present disclosure.

FIG. 6 illustrates Lorentz forces on a conductor in
accordance with principles of the present disclosure.

FIG. 7 sets forth a diagram of an example individual
switch assembly for a multi-switch contactor assem-
bly in accordance with at least one embodiment of
the present disclosure.

FIG. 8A sets forth a diagram of an example bus bar
geometry for a multi-switch contactor assembly in
accordance with at least one embodiment of the
present disclosure.

FIG. 8B sets forth a diagram of an example individual
switch assembly for a multi-switch contactor assem-
bly in accordance with at least one embodiment of
the present disclosure.
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FIG. 8C sets forth a diagram of an example bus bar
geometry for a multi-switch contactor assembly in
accordance with at least one embodiment of the
present disclosure.

FIG. 9 sets forth a schematic of an example electric
vehicle power distribution system in accordance with
at least one embodiment of the present disclosure.

FIG. 10is a circuit schematic for another multi-switch
contactor assembly in accordance with at least one
embodiment of the present disclosure.

FIG. 11 is a table of switch states for another multi-
switch contactor assembly in accordance with at
least one embodiment of the present disclosure.

FIG. 12 sets forth an example multi-switch contactor
assembly incorporating a pre-charge relay in accor-
dance with at least one embodiment of the present
disclosure.

FIG. 13 is a flowchart of an example method of a
multi-switch contactor assembly according to atleast
one embodiment of the present disclosure.

DETAILED DESCRIPTION

[0006] Connecting and disconnecting electrical cir-
cuits is as old as electrical circuits themselves and is
often utilized as a method of switching power to a con-
nected electrical device between "on" and "off states. An
example of one device commonly utilized to connect and
disconnect circuits is a contactor, which is electrically
connected to one or more devices or power sources. A
contactor is configured such that it can change between
"open" and "closed" states to interrupt or complete a
circuit to control electrical power to and from a device.

[0007] As society advances, various innovations have
resulted in electrical systems and electronic devices
becoming increasingly common. An example of such
innovations includes recent advances in electrical auto-
mobiles, which are becoming the energy-efficient stan-
dard and will likely replace most traditional petroleum-
powered vehicles. In such expensive and routinely used
electrical devices, overcurrent protection is particularly
applicable to prevent device malfunction and prevent
permanent damage to the devices. Furthermore, over-
current protection can prevent safety hazards, such as
electrical shock or electrical fires. These modern im-
provements to electrical systems and devices require
improved solutions to increase the safety, reliability,
and efficiency of mechanisms for triggering contactors.
[0008] Described herein are different embodiments of
contact assemblies having certain components, or por-
tions thereof, that are formed integral to one another to
improve the operation characteristics and increase op-
erational reliability and safety. The presentinvention also
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provides for new features of components of the contact
assemblies, with these features providing the desired
operational characteristics, performance and safety. Em-
bodiments of the invention are also directed to contactors
(i.e., electrical switching devices) utilizing the contactor
assemblies according to the present invention, and to
electrical circuits and systems utilizing the electrical
switching devices according to the present invention.
[0009] The terminology used herein for the purpose of
describing particular examples is not intended to be limit-
ing for further examples. Whenever a singular form such
as "a", "an" and "the" is used and using only a single
element is neither explicitly or implicitly defined as being
mandatory, further examples may also use plural ele-
ments to implement the same functionality. Likewise,
when a functionality is subsequently described as being
implemented using multiple elements, further examples
may implement the same functionality using a single
element or processing entity. It will be further understood
that the terms "comprises”, "comprising”, "includes" an-
d/or "including", when used, specify the presence of the
stated features, integers, steps, operations, processes,
acts, elements and/or components, but do not preclude
the presence or addition of one or more other features,
integers, steps, operations, processes, acts, elements,
components and/or any group thereof.

[0010] It will be understood that when an element is
referred to as being "connected" or "coupled" to another
element, the elements may be directly connected or
coupled via one or more intervening elements. If two
elements A and B are combined using an "or", this is
to be understood to disclose all possible combinations,
i.e. only A, only B, as well as A and B. An alternative
wording for the same combinations is "at least one of A
and B". The same applies for combinations of more than
two elements.

[0011] Accordingly, while further examples are cap-
able of various modifications and alternative forms, some
particular examples thereof are shown in the figures and
will subsequently be described in detail. However, this
detailed description does not limit further examples to the
particular forms described. Further examples may cover
all modifications, equivalents, and alternatives falling
within the scope of the disclosure. Like numbers refer
to like or similar elements throughout the description of
the figures, which may be implemented identically or in
modified form when compared to one another while
providing for the same or a similar functionality.

[0012] Exemplary methods and apparatuses fora mul-
ti-switch contactor assembly in accordance with the pre-
sent disclosure are described with reference to the ac-
companying drawings, beginning with FIG. 1. FIG. 1 sets
forth a battery configuration contactor circuit 100 employ-
ing a multi-switch contactor assembly in accordance with
at least one embodiment of the present disclosure. The
battery configuration contactor may be employed in an
electric vehicle for connecting multiple battery packs to a
vehicle power distribution system for driving the electric
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vehicle as well as for charging the battery packs. In this
example, a first switch 110 (referred to herein as 'S I') is
operable to open and close a connection between the
positive terminal of a first battery pack 104 and a positive
terminal 106 of a vehicle power distribution system. The
negative terminal of the first battery pack 104 is con-
nected to a negative terminal 108 of the vehicle power
distribution system. In this example, a second switch 112
(referred to herein as’'S2’)is operable to open and close a
connection between the negative terminal of a second
battery pack 102 and the negative terminal 108 of the
vehicle power distribution system. A positive terminal of
the second battery pack 102 is connected to the positive
terminal 106 of the vehicle power distribution system. In
this example, the third switch 114 (referred to herein as
’S0’) is operable to open and close a series connection of
the battery packs 102, 104. When the first switch 110 is
closed, the first battery pack 104 is directly connected to
the vehicle power distribution system. When the second
switch 112 is closed, the second battery pack 102 is
directly connected to the vehicle power distribution sys-
tem. When the first switch 110 and the second switch 112
are closed, both battery packs 102, 104 are connected in
parallel to the vehicle power distribution system. When
the third switch 114 is closed, both battery packs 102, 104
are connected in series to the vehicle power distribution
system. However, closing either the first switch 110 or the
second switch 112 while the third switch 114 is closed
may cause a direct short circuit of the battery packs 102,
104, which may weld the contactors of the switches
and/or cause harm to the battery packs 102, 104. To
prevent this, there is a high requirement on switch con-
tactors to withstand mechanical shock. Solenoid contac-
tor coils require constant power when enabled.

[0013] Thus,inaccordance with some embodiments of
the present disclosure, a battery configuration contactor
utilizes a multi-switch contactor assembly 120 in which
switches S0, S1, and S2 are mechanically linked to
prevent switch SO from being opened while switch S1
or switch S2 is closed, and vice versa. A multi-switch
contactor assembly in accordance with at least one em-
bodiment of the present disclosure comprises an array of
switches (e.g., switches S0, S1, S2) including a first
switch implemented by a first moveable contact and at
least one first fixed contact, the first switch configured to
change a switch state between an open state and a
closed state; a second switch implemented by a second
moveable contact and at least one fixed second contact,
the second switch configured to change a switch state
between an open state and a closed state; and a third
switch implemented by a third moveable contact and at
least one third fixed contact, the third switch configured to
change a switch state between an open state and a
closed state. The multi-switch contactor assembly further
includes an actuator assembly configured to actuate the
first moveable contact, the second moveable contact,
and the third moveable contact. The actuator assembly
includes a shaft, wherein the respective switch states of
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the three switches are changed in dependence upon
rotation of the shaft. Although a multi-switch contactor
assembly is described in the following examples as in-
cluding three switches, the principles of the present dis-
closure are applicable to a multi-switch contactor assem-
bly comprising fewer than three switches or more than
three switches. That is, a single actuator is employed to
change multiple switches to differing switch states such
that some combinations of switch states are mechani-
cally prohibited. As will be shown in more detail below,
mechanical linkage of the contactor switches can be
achieved with low contact resistance, no levitation, no
hold power, and high contact forces.

[0014] For further explanation, FIGS. 2A and 2B illus-
trate an example of one switch assembly 200 for a multi-
switch contactor assembly in accordance with at least
one embodiment of the present disclosure. The switch
assembly 200 includes fixed contacts 202, 204 and a
moveable contact 206. The moveable contact 206 is
coupled at one end to a fixed contact 202. The moveable
contact 206 may be rotatable, flexible, or deformable. An
opposite end is coupled to a spring 208 that is held by a
support structure 220 (e.g., a contactor housing). In a first
state, the moveable contact 206 is held in the closed
position by the spring 208. To transition to a second state,
the moveable contact 206 is moved through application
of force to the moveable contact 206 by a rotatable cam
212, causing separation of the moveable contact 206
from the fixed contact and compression of the spring,
thus placing the contactor assembly 200 in the open
state. To transition the switch assembly 200 to the second
state, the cam 212 is rotated out of contact with the
moveable contact 206, allowing the spring 208 to apply
a force to the moveable contact 206 to move into contact
with the fixed contact 204, thus placing the switch as-
sembly in the closed state. The cam 212 rotates via a
shaft 214. In some examples, multiple cams 212 may be
coupled to the same shaft 214, thus providing a mechan-
ical link to the actuation of multiple moveable contacts
corresponding to multiple switches of the multi-switch
contactor assembly.

[0015] For further reference, FIG. 3 sets forth diagram
300 of configuration states for a multi-switch contactor
assembly in accordance with at least one embodiment of
the present disclosure. The diagram 300 shows the state
of three switch assemblies SO, S1, S2 based on the
rotation of a cam shaft 302. To aid illustration, three switch
assemblies SO, S1, S2 may be comprised in a battery
configuration contactor configured to connect battery
pack A and battery pack B to a vehicle power distribution
system. In such an example, battery pack A may corre-
spond to battery pack 102 of FIG. 1 and battery pack B
may correspond to battery pack 104 of FIG. 1, where
switch assembly S2 corresponds to switch 112, switch
assembly S1 corresponds to switch 110, and switch
assembly SO corresponds to switch 114 in FIG. 1. How-
ever, it should be appreciated that the configuration
shown in FIG. 3 may be applied to other vehicle con-
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tactors such as a fast charge contactor, an auxiliary or
utility contactor, as well as contactors for applications
other than vehicles. Switch assemblies SO, S1, S2 may
be arrayed in an orientation parallel to the axis of cam
shaft 302 (e.g., as shown in FIG. 4), such that rotation of
the cam shaft changes the switch state of at least one of
the switches. In this example, a 180 degree rotation
changes the switch states of all of the switches. Three
cams 301, 311, 321 are coupled to the cam shaft 302,
which together form an actuation assembly for all of the
switch assemblies.

[0016] Inthe example of FIG. 3, afirst switch assembly
S2includes afixed bus bar 306 (i.e., afixed contact)and a
deformable bus bar 305 (i.e., a moveable contact).
Switch assembly S2 further includes a rocker 308
coupled to the deformable bus bar 305. In this example,
switch assembly S2 is a 'normally closed’ switch in that
the deformable bus bar 305 is in contact with the fixed bus
bar 306 unless the rocker 308 is actuated to deform the
deformable bus bar 305 such that contact between the
deformable bus bar 305 and the fixed bus bar 306 is
broken, thereby opening the switch. In some examples,
the rocker 308 is spring loaded to hold the deformable
bus bar 305 in contact with the fixed bus bar 306 unless a
force applied to the rocker 308 by the cam 301 exceeds a
spring bias force. The rocker 308 is actuated by the cam
301, whichincludes a substantially round portion 303 and
one or more substantially flat portions 304. When the
substantially round portion 303 of the cam 301 engages
the rocker 308, one end of the rocker proximate to the
cam 301 is forced downward thus forcing the other end of
the rocker 308 and the deformable bus bar 305 upward,
moving the deformable bus bar 305 out of contact with the
fixed bus bar 306. When the substantially flat portion 304
of the cam 301 engages the rocker 308, the end of the
rocker 308 proximate to the cam 301 is allowed to return
to a closed state position in which the rocker 308 facil-
itates contact between the deformable bus bar 305 and
the fixed bus bar 306. In this example, cam 301 include
two substantially flat portions 304, one corresponding to
a closed switch state for a direct connection of battery
pack A only and one corresponding to a closed switch
state for parallel connection of battery pack A and battery
pack B. Thus, rotation of the cam 301 opens and closes
the switch S2 depending on the rotation of the cam shaft
302 and whether the rocker 308 is engaged by the sub-
stantially round portion 303 or the substantially flat por-
tion of the cam. In alternative embodiments, switch S2
may be arranged a 'normally open’ switch in which the
cam 301 actuates the rocker 308 to move the deformable
bus bar 305 into contact with the fixed bus bar 306.
[0017] In the example of FIG. 3, like switch assembly
S2, second switch assembly S1 includes a fixed bus bar
326 (i.e., a fixed contact) and a deformable bus bar 325
(i.e., a moveable contact). Switch assembly S1 further
includes a rocker 328 coupled to the deformable bus bar
325. In this example, switch assembly S1 is a 'normally
closed’ switch in that the deformable bus bar 325 is in
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contact with the fixed bus bar 326 unless the rocker 328 is
actuated to deform the deformable bus bar 325 such that
contact between the deformable bus bar 325 and the
fixed bus bar 326 is broken, thereby opening the switch.
In some examples, the rocker 328 is spring loaded to hold
the deformable bus bar 325 in contact with the fixed bus
bar 326 unless a force applied to the rocker 328 by the
cam 321 exceeds a spring bias force. The rocker 328 is
actuated by the cam 321, which includes a substantially
round portion 323 and one or more substantially flat
portions 324. When the substantially round portion 323
of the cam 321 engages the rocker 328, one end of the
rocker proximate to the cam 321 is forced downward thus
forcing the other end of the rocker 328 and the deform-
able bus bar 325 upward, moving the deformable bus bar
325 out of contact with the fixed bus bar 326. When the
substantially flat portion 324 of the cam 321 engages the
rocker 328, the end of the rocker 328 proximate to the
cam 321 is allowed to return to a closed state position in
which the rocker 328 facilitates contact between the
deformable bus bar 325 and the fixed bus bar 326. In
this example, cam 321 include two substantially flat por-
tions 324, one corresponding to a closed switch state for
a direct connection of battery pack B only and one corre-
sponding to a closed switch state for parallel connection
of battery pack A and battery pack B. Thus, rotation of the
cam 321 opens and closes the switch S1 depending on
the rotation of the cam shaft 302 and whether the rocker
328 is engaged by the substantially round portion 323 or
the substantially flat portion of the cam. In alternative
embodiments, switch S1 may be arranged a 'normally
open’ switch in which the cam 321 actuates the rocker
328 to move the deformable bus bar 325 into contact with
the fixed bus bar 326.

[0018] In the example of FIG. 3, like switch assembly
S2, third switch assembly SO includes a fixed bus bar 316
(i.e., afixed contact) and a deformable bus bar 315 (i.e., a
moveable contact). Switch assembly SO further includes
a rocker 318 coupled to the deformable bus bar 315. In
this example, switch assembly SO is a ‘'normally closed’
switch inthatthe deformable bus bar 315 is in contact with
the fixed bus bar 316 unless the rocker 318 is actuated to
deform the deformable bus bar 315 such that contact
between the deformable bus bar 315 and the fixed bus
bar 316 is broken, thereby opening the switch. In some
examples, the rocker 318 is spring loaded to hold the
deformable bus bar 315 in contact with the fixed bus bar
316 unless a force applied to the rocker 318 by the cam
311 exceeds a spring bias force. The rocker 318 is
actuated by the cam 311, which includes a substantially
round portion 313 and one or more substantially flat
portions 314. When the substantially round portion 313
of the cam 311 engages the rocker 318, one end of the
rocker proximate to the cam 311 is forced downward thus
forcing the other end of the rocker 318 and the deform-
able bus bar 315 upward, moving the deformable bus bar
315 out of contact with the fixed bus bar 316. When the
substantially flat portion 314 of the cam 311 engages the
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rocker 318, the end of the rocker 318 proximate to the
cam 311 is allowed to return to a closed state position in
which the rocker 318 facilitates contact between the
deformable bus bar 315 and the fixed bus bar 316. In
this example, cam 311 include one substantially flat por-
tion 314 corresponding to a closed switch state for series
connection of battery pack A and battery pack B. Thus,
rotation of the cam 311 opens and closes the switch SO
depending on the rotation of the cam shaft 302 and
whether the rocker 318 is engaged by the substantially
round portion 313 or the substantially flat portion of the
cam. In alternative embodiments, switch SO may be ar-
ranged a 'normally open’ switch in which the cam 311
actuates the rocker 318 to move the deformable bus bar
315 into contact with the fixed bus bar 316.

[0019] The diagram 300 of multi-switch contactor as-
sembly configuration states includes four distinct states.
In a first state 352, the cam shaft is at 0 degrees of
rotation. Cams 301, 321 apply a force to rockers 308,
328 to ensure that switch assemblies S2, S1 are in an
open state when the rocker 318 of switch assembly SO
engages the substantially flat portion 314 of cam 311 and
allowing switch assembly SO to close at 0 degrees rota-
tion. Thus, a parallel or direct connection of battery pack
A and battery pack B is mechanically prevented while
switch assembly SO connects battery pack A and battery
pack B in series.

[0020] Inasecond state 354, the cam shaft 302 is at 90
degrees (e.g., counterclockwise) rotation relative to state
352.Cam 311 applies aforce tothe rocker 318 to open the
switch assembly SO before the rocker 328 of switch
assembly S1 engages a substantially flat portion 324
of cam 321 of switch assembly S1 at 90 degrees rotation.
When the rocker 328 engages the substantially flat por-
tion 324 of the cam 321, the switch assembly S1 closes.
Thus, a series connection of battery pack A and battery
pack B is mechanically prevented while switch assembly
S1 connects battery pack B directly to the power distribu-
tion system. Cam 301 continues to apply a force to rocker
308 to retain switch assembly S2 in the open state.
[0021] In a third state 356, the cam shaft 302 is at 180
degrees rotation (e.g., counterclockwise) relative to state
352. Cam 311 continues to apply a force to the rocker 318
to keep the switch assembly SO in the open state. The
rocker 328 of switch assembly S1 engages a second
substantially flat portion 324 of cam 321 of switch as-
sembly S1 at 180 degrees rotation such that the switch
assembly S1 is maintained in the closed state. At the
same time, rocker 308 of switch assembly S2 engages a
first substantially flat portion 304 of the cam 301 of switch
assembly S2, thus allowing switch assembly S2 to tran-
sition to the closed state. Thus, a series connection of
battery pack A and battery pack B is mechanically pre-
vented while switch assembly S1 and switch assembly
S2 connect battery pack A and battery pack B in parallel
to the power distribution system.

[0022] In a fourth state 358, the cam shaft is at 270
degrees rotation (e.g., counterclockwise) or -90 degrees
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rotation (e.g., clockwise) relative to state 352. Cam 311
continues to apply a force to the rocker 318 to keep the
switch assembly S0 in the open state. Cam 321 applies a
force to the rocker 328 to keep the switch assembly S1 in
the open state. At 270 degrees rotation rocker 308 of
switch assembly S2 engages a second substantially flat
portion of the cam 301 of switch assembly S2, thus
allowing switch assembly S2 to transition to the closed
state. Thus, a series connection of battery pack A and
battery pack B is mechanically prevented while switch
assembly S2 connects battery pack A directly to the
power distribution system.

[0023] Insomeexamples, as showninFIG. 3, the state
of switch assembly S1 may be maintained in the closed
state while the switch assembly S2 transitions to the
closed state between 90 and 180 degrees. In other ex-
amples, a break-before-make arrangement is employed
such that all switch assemblies S0, S1, S2 are in the open
state when rotation of the cam shaft is not at either 0, 90,
180, or 270 (-90) degrees rotation. In some examples, a
position sensor is used to determine an absolute rotation
of the cam shaft. Thus, the multi-switch contactor as-
sembly only has four distinct states where at least one
battery pack is connected to the power distribution sys-
tem, and where a series connection of the battery packs
is mechanically prevented when a direct or parallel con-
nection of the battery packs is made.

[0024] Itwill be appreciated that other cam shapes may
be utilized instead of a cam having round portions and flat
portions. For example, a notch may be employed instead
of aflatfacade. In other examples, the switch assemblies
may comprise 'normally open’ switches, where a lobe or
other protruding actuation member applies a force on the
deformable contact to make contact with the fixed contact
and closed the switch. In some variations, combinations
of 'normally open’ and 'normally closed’ switches may be
used in the same array of switches.

[0025] It will be appreciated that two or more cams
having different cam shapes may be employed to realize
different switch states in the corresponding switches.
Similarly, two or more cams having the same shape
but different orientations on the cam shaft may be em-
ployed torealize different switch states in the correspond-
ing switches. In some cases, two cams may have the
same shape and the same orientation on the cam shaft
such that the cams actuate the same switch state on the
corresponding switches (e.g., to reduce the current per
contact). Thus, the multiple cams corresponding to the
multiple switches may vary by shape, orientation, or
alignment, where all cams are actuated by the same
cam shaft.

[0026] It will be further appreciated that a deformable
bus bar may be replaced with a fixed bus bar coupled to a
rotatable or pivotable moveable contact. The flexible bus
bar may also be replaced with a braided cable.

[0027] It will be further appreciated that the multi-
switch contactor assembly in accordance with FIGS.
2A, 2B, and 3 may be applied in a battery configuration
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contactor as well as other devices constructed as above
with different cam shape to enable high voltage high
current connections that require low contactor resis-
tance, like fast charging contactors, or that require no
device current consumption, like axillary contactors
used, for example, in vehicle to grid systems.

[0028] Inview ofthe foregoing, a multi-switch contactor
assembly in accordance with FIGS. 2A, 2B and 3 is
provided in which 1) a single mechanical actuation me-
chanism operates all switches in such a way that danger-
ous switch combinations are mechanically impossible; 2)
there are only four possible main states: series, only
battery A connected, only battery B connected, A+B
connected parallel, and intermediate states may be de-
fined in which all contacts are open; 3) the actuator can
move in forward and reverse direction to allow either the
connection A only or B only to be made first after a series
or parallel configuration; 4) the actuator assembly does
not draw any power once the desired connection state is
achieved; 5) a very high contact force (e.g., 100N) en-
abling very low device resistance (e.g., <50uOhm) and
high levitation currents (> 25kA) is provided; 6) contact
can be made using a single contact and flexible bus bars,
or a double moveable contact using a rigid contact.
[0029] FIG. 4 sets forth an exploded view of an exam-
ple multi-switch contactor assembly 400 in accordance
with at least one embodiment of the present disclosure.
The example contactor assembly 400 includes a cam
assembly 401 including three cams 402, 403, 404 that
are coupled to a cam shaft 405, where rotation of the cam
shaft is driven by a motor 406. The contactor assembly
includes three switch assemblies each comprising a fixed
contact 410 and a deformable contact 408. The cams
402, 403, 404 act on respective rockers 412 to deform
respective deformable contacts 408 and open the re-
spective switches. When a rocker 412 is engaged by a
flat facade of a cam, a bias spring 414 forces the rocker to
a closed state position in which the deformable contact
408 is held in contact with the fixed contact410. When the
rocker 412 is engaged by the round portion of the cam,
the cam applies a force on the rocker 412 that overcomes
the bias force of the spring 414, thus forcing the rocker
412 into an open state position and causing the rocker
412 to bend the deformable contact 408 out of contact
with the fixed contact 410. In some examples, the multi-
switch contactor assembly 400 includes a position sen-
sor (notshown)to detect the rotation of the cam shaft405.
The position sensor provides the absolute angle of the
cam shaft such that the cam shaft can be rotated to a new
setpoint to change switch states. The position sensor
may be, for example, a non-contacting position sensor
and a contacting device (e.g., a potentiometer). The
signal of the position sensor can be used to both control
the cam shaft position and to communicate the state of
the contacts to the vehicle controller.

[0030] For further explanation, FIG. 5 sets forth a vari-
ety of different cam shapes 502, 504, 506, 508, 510, 512,
including examples of awing 511 and alobe 513 of acam,
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in accordance with the present disclosure.

[0031] For further explanation, FIG. 6 illustrates the
effect of Lorentz forces on a bent conductor in accor-
dance with principles of the present invention. When
current passes through a conductor, Lorentz forces
cause a repulsion force in the conductor. When the con-
ductor is bent into a half loop, semicircle, or C-shape, as
shown in FIG. 6, the conductor will try to enlarge to
outside of the magnetic field when high current is fed
through the conductor. In effect, the conductor is repul-
sive to itself.

[0032] For further explanation, FIG. 7 illustrates an-
other example switch assembly 700 for multi-switch con-
tactor assembly in accordance with at least one embodi-
ment of the present invention. The switch assembly 700
is similar to the switch assemblies of FIG. 3 in that the
switch assembly 700 includes a fixed bus bar 706, a
deformable bus bar 705, a rotatable cam 701, and a
rocker 708 that is fixed to one end of the deformable
bus bar 705. The other end of the deformable bus bar 705
is coupled to a lead 720. As shown in FIG. 7, the switch
assembly 700 is normally closed. The rocker 708 is
spring loaded by spring 707 to hold the rocker 708 in
the closed position such that spring forces acting on the
rocker 708 cause the rocker 708 to bend the deformable
bus bar 705 onto the fixed bus bar 706, thus making
contact between a contact point on the deformable bus
bar 705 and a contact point on an outer surface of the
fixed bus bar 706. The other end of the fixed bus bar is
coupledtoalead 722. In the closed state, the deformable
bus bar 705 and the fixed bus bar 706 close a circuit
between the leads 720, 722. To open the circuit, the cam
701 is rotated until a wing or lobe 703 forces the rocker
708 to rotate, thus compressing the spring 707 and
bending the deformable bus bar 705 out of contact with
the fixed bus bar 706.

[0033] The fixed bus bar 706 is generally C-shaped, or
semicircular, and when the deformable bus bar 705 and
the fixed bus bar 706 are in contact, they create a loop
that bends back on itself, similar to the conductor shown
in FIG. 6. Current passing through the fixed bus bar 706
and the deformable bus bar 705 causes a repulsive force,
shown by force arrows 730, and causes the deformable
bus bar 705 to enlarge to outside of the magnetic field.
This effect reduces or inhibits the contact force between
the fixed bus bar 706 and the deformable bus bar 705
because the deformable bus bar 705 is repulsed away
from the fixed bus bar. As will be explained below, the
placement of the deformable bus bar 705 with respect to
the fixed bus bar 706 can be modified such that the
Lorentz forces actually increases the contact force.
[0034] For further explanation, FIG. 8A is a diagram of
a fixed contact-moveable contact geometry for a multi-
switch contactor assembly in accordance with at least
one embodiment of the present disclosure. The example
of FIG. 8A includes a deformable bus bar 805 and a fixed
bus bar 806. The fixed bus bar 806 forms a partial loop
and may generally be C-shaped or U-shaped in that the
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fixed bus bar includes two prong-like portions connected
by a center portion. Thus, the fixed bus bar 806 includes
an inner surface 850. As used in this disclosure, a 'C-
shaped’ bus bar generally refers to a bus bar having two
connected prongs 854, 856 that are substantially parallel,
where the connecting center portion 852 is generally
orthogonal to the inner surfaces 850 of the prongs. In
contrast to the previous examples, the deformable bus
bar 805 is bent into contact with the inner surface 850 of
the fixed bus bar 806 such that the Lorentz forces 830 are
leveraged by the contact geometries to increase the
contact force between the deformable bus bar 805 and
the fixed bus bar 806. As current flows through the
deformably bus bar 805 and the fixed bus bar 806, the
resulting electromagnetic fields generate Lorentz forces
830that actonthe deformable bus bar 805 in the direction
of the fixed bus bar 806 to hold the deformable bus bar
805 against the fixed bus bar 806, thereby increasing the
contact force. In other examples, the fixed bus bar 806
may have a geometry other than 'C-shaped.’ FIG.8Cis a
diagram of a fixed contact-moveable contact geometry
for a multi-switch contactor assembly in accordance with
at least one embodiment of the present disclosure con-
tactor geometry in which the fixed bus bar 890 is 'S-
shaped.” Even though a bottom prong 896 is bent out-
wards in a direction opposite a top prong 895 (resulting in
an "S-shape" bus bar) the Lorentz force will still create an
increase of the contact force when current is running
though the device.

[0035] For further explanation, FIG. 8B illustrates an-
other example switch assembly 800 for multi-switch con-
tactor assembly, in accordance with at least one embodi-
ment of the present invention, that utilizes the contact
geometry of FIG. 8A. In the previous examples (e.g., the
example switch assemblies of FIG. 3and FIG. 7), arocker
is actuated by a cam 801 to bend a deformable bus bar
into contact with an outer surface of a C-shaped fixed bus
bar. In contrast to those examples, the switch assembly
800 includes a deformable bus bar 805 that is bent into
contact with an inner surface of a C-shaped fixed bus bar
806 such that the Lorentz forces are leveraged by the
contactgeometries toincrease the contact force between
the deformable bus bar 805 and the fixed bus bar 806.
The fixed bus bar may be referred to as a partially looping
bus bar in that the fixed bus bar 806 includes inner
surfaces that face one another but the fixed bus bar does
not form a complete physical loop.

[0036] Inthe example of FIG. 8B, the switch assembly
800 is a 'normally closed’ switch in that the deformable
bus bar 805 is in contact with the fixed bus bar 806 unless
the rocker 808 is actuated to deform the deformable bus
bar 805 such that contact between the deformable bus
bar 805 and the fixed bus bar 806 is broken, thereby
opening the switch. In some examples, the rocker 808 is
spring loaded by spring 807 to hold the deformable bus
bar 805 in contact with the fixed bus bar 806 unless a
force applied to the rocker 808 by the cam 801 exceeds a
spring force. In the example of FIG. 8B, a contactend 815
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of the deformable bus bar 805 is attached to the rocker
808, and the rocker 808 is biased by spring 807. The other
end of deformable bus bar 805 is coupled tolead 820. The
force applied by the spring 807 to the rocker 808 holds the
contact end 815 of the deformable bus bar 805 in contact
with the inner surface 816 of the fixed bus bar 806. The
other end of fixed bus bar 806 is coupled to lead 822.
[0037] The rocker 808 is actuated by rotation of an
irregularly-shaped cam 801 (e.g., having the one of the
cam shapes of FIG. 5) mounted on a cam shaft 870.
When an actuation point 809 of the rocker 808 is engaged
by an actuator portion 803 (e.g., alobe or wing) of the cam
801 during cam rotation via the cam shaft 870, the rocker
308 rotates causing the spring 807 to compress and
moving the deformable bus bar 805 out of contact with
the fixed bus bar 806.

[0038] When the cam is further rotated or reverse
rotated, the actuator portion 803 (e.g., a lobe or wing)
of the cam 801 disengages the actuation point 809 of the
rocker 808, thus allowing the spring 807 to decompress
and force the rocker 808 to rotate backed to a closed state
position, which bends the deformable bus bar 805 to the
closed state position in which the deformable bus bar 805
contacts the inner surface 816 of the fixed bus bar 306.
Rotation of the cam 801 opens and closes the switch
depending on the rotation of a cam shaft and whether the
rocker 808 is engaged by an actuator portion of the cam
801 (e.g., lobe or wing of the cam - there may be multiple
wings or lobes). In alternative embodiments, switch as-
sembly 800 may be arranged a 'normally open’ switch in
which the cam 801 actuates the rocker 808 to move the
deformable bus bar 805 into contact with the fixed bus bar
806 to close the switch. In such arrangements, the lobe or
wing of the cam 801 engages the rocker 808 to move the
deformable bus bar 805 into contact with the inner sur-
face 816 of the fixed bus bar. In some examples, the multi-
switch contactor assembly 800 includes a position sen-
sor (notshown)to detect the rotation of the cam shaft 870.
The position sensor provides the absolute angle of the
cam shaft such that the cam shaft can be rotated to a new
setpoint to change switch states. The position sensor
may be, for example, a non-contacting position sensor
and a contacting device (e.g., a potentiometer). The
signal of the position sensor is provided to a cam shaft
motor controller for controlling the cam shaft position and
communicated to a vehicle controller to indicate the state
of the contacts.

[0039] In the example of FIG. 8B, the respective
shapes and orientations of the bus bars or conductors
in the configuration contactor contribute to an increase in
the contact force 830 during a high current event. Current
flowing through the deformable bus bar 805 and the fixed
bus bar 806 (shown by the arrows in the bus bars)
generates an electromagnetic field that induces Lorentz
forces 830 (shown by the arrows projecting out from the
bus bars 805, 806). The Lorentz force is used to partially
compensate the levitation force that could open the con-
tacts and cause sparking and welding. With the increase
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in contact force due to leveraging the Lorentz forces
through geometries and orientations of the bus bars
805, 806, the spring force of the spring 807 can be
reduced without compromising short circuit perfor-
mance.

[0040] Some of the foregoing embodiments have been
described in the context of a moveable contactin the form
of adeformable bus bar. In other variations, the moveable
contact of a switch may be a floating contact that is
actuated to contact either a first fixed contact or a second
fixed contact. In one example, one end of a floating
moveable contact is disposed between the first fixed
contact and the second fixed contact, while the other
end of the floating moveable contact is actuatable by a
cam having one or more actuation points (e.g., wings or
lobes) as discussed above. For example, the moveable
contact may be configured to rotate around a fixed point.
When the cam is rotated in one direction, the moveable
contactis actuated to rotate toward the first fixed contact.
When the cam is further rotated or rotated in the opposite
direction, the moveable contact is actuated to rotate
toward the second fixed contact. Thus, the switch may
have three states: closed on the first fixed contact, closed
on the second fixed contact, or open. As discussed
above, multiple such switches can be arrayed and actu-
ated by respective cams mounted on a cam shaft, such
that rotation of the cam shaft changes the states of the
switches.

[0041] Some of the foregoing embodiments have been
described in the context of a three-switch, i.e., three pole,
configuration contactor in which switch state configura-
tionsinclude 1) direct connection to a first battery pack for
powering the electric vehicle motor, 2) direct connection
to a second battery pack for powering the electric vehicle
motor, 3) series connection of two battery packs for
powering the electric vehicle motor, and 4) parallel con-
nection of the two battery packs for a charging config-
uration. However, other applications may need a different
number of switches that are simultaneously driven by the
cam shaft.

[0042] For further explanation, FIG. 9 illustrates a cir-
cuit diagram for an example power distribution system of
an electric vehicle in accordance with at least one em-
bodiment of the presentinvention. In the example of FIG.
9, an auxiliary contactor 902 for connecting a vehicle to
grid subsystem 904 may require two poles. The poles 903
of the auxiliary contactor 902 are opened and closed at
the same time via rotation of a single cam shaft to rotate
multiple cams that actuate the switches between the
open and closed states, as described above in the con-
text of the configuration contactor of FIG. 3. A main
contactor 906 to connect or disconnect the inverter
908 from the high-powered bus may require two poles.
The poles 907 of the main contactor 906 are opened and
closed at the same time via rotation of a single cam shaft
to rotate multiple cams that actuate the switches between
the open and closed states, as described above in the
context of the configuration contactor of FIG. 3. A fast-
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charging contactor 910 for connecting a DCDC fast char-
ging subsystem 912 may require two or more poles (e.g.,
2 poles for currents up to 1000 A, 4 poles for currents of
2000 A, 6 poles for currents of 3000 A, etc.). The poles
911 of the fast-charging contactor 910 are opened and
closed at the same time via rotation of a single cam shaft
torotate multiple cams that actuate the switches between
the open and closed states, as described above in the
context of the configuration contactor of FIG. 3.

[0043] For further explanation, FIG. 10 illustrates a
configuration contactor circuit 1000 employing a multi-
switch contactor assembly in accordance with at least
one embodiment of the present disclosure. A configura-
tion contactor using the configuration contactor circuit
1000 may be employed in an electric vehicle for connect-
ing multiple battery packs to a vehicle power distribution
system for driving the electric vehicle as well as for
charging the battery packs. In this example, a first switch
1010 (also referred to herein as switch 'S I) is operable to
open and close a connection between the positive term-
inal of a first battery pack 1004 and a positive terminal
1006 of a vehicle power distribution system. The negative
terminal of the first battery pack 1004 is connected to a
negative terminal 1008 of the vehicle power distribution
system. In this example, a second switch 1012 (also
referred to herein as switch ‘S2’) is operable to open
and close a connection between the negative terminal
of a second battery pack 1002 and the negative terminal
1008 of the vehicle power distribution system. A positive
terminal of the second battery pack 1002 is connected to
the positive terminal 1006 of the vehicle power distribu-
tion system. In this example, the third switch 1014 (also
referred to herein as switch ’S0’) is operable to open and
close a series connection of the battery packs 1002,
1004. When the first switch 1010 is closed, the first
battery pack 1004 is directly connected to the vehicle
power distribution system. When the second switch 112
is closed, the second battery pack 1002 is directly con-
nected to the vehicle power distribution system. When
the first switch 1010 and the second switch 1012 are
closed, both battery packs 1002, 1004 are connected in
parallel to the vehicle power distribution system. When
the third switch 1014 is closed, both battery packs 1002,
1004 are connected in series to the vehicle power dis-
tribution system.

[0044] In the example of FIG. 10, the configuration
contactor circuit 1000 also includes a fourth switch
1016 (also referred to herein as switch 'S3’) that is oper-
able to open and close a series connection of a pre-
charge relay 1018 with the battery packs 1002, 1004.
The pre-charge relay 1018 gradually energizes a high
voltage circuit before the main contactor or switch is
closed. When dealing with high-voltage systems, the
sudden closure of a switch or contactor can lead to inrush
currents that may cause damage to the system. The pre-
charge relay helps mitigate these issues by reducing the
inrush current of the circuit, allowing capacitors and other
components to charge more gradually. In an initial state,
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the pre-charge relay is open, preventing the full voltage
from being applied to the circuit. When the system is
ready to be energized, the pre-charge relay closes, al-
lowing a limited current to flow through the circuit. This
limited current pre-charges the capacitors and other
components. Once the pre-charge process is complete,
the main contactor or switch is closed.

[0045] Closing either the first switch 1010 or the sec-
ond switch 1012 while the third switch 1014 is closed may
cause a direct short circuit of the battery packs 1002,
1004, which may weld the contactors of the switches
and/or cause harm to the battery packs 1002, 1004.
Closing either the first switch 1010, the second switch
1012, or the third switch 1014 while the fourth switch 1016
is closed will obviate the pre-charge relay 1018, thus
allowing a sudden inrush of current that could damage
electrical components. Further, the pre-charging fourth
switch 1016 should be closed before closing the third
switch 1014 to connect the battery packs 1002, 1004 in
series to apply the full voltage of the battery packs.
[0046] Thus, in accordance with at least one embodi-
ment of the present disclosure, a configuration contactor
utilizes a multi-switch contactor assembly 1020 in which
switches S0, S1, S2, and S3 are mechanically linked to
prevent switch SO from being opened while switch S1 or
switch S2 is closed, and vice versa, and to prevent
switches S0, S1, and S2 from being closed while switch
S3is closed. A multi-switch contactor assembly 1020 in
accordance with at least one embodiment of the present
disclosure comprises an array of switches (e.g., switches
S0, S1, S2, S3) including a first switch implemented by a
first moveable contact and at least one first fixed contact,
the first switch configured to change a switch state be-
tween an open state and a closed state for direct con-
nection of a first battery pack. The multi-switch contactor
assembly 1020 also includes a second switch implemen-
ted by a second moveable contact and at least one fixed
second contact, the second switch configured to change
a switch state between an open state and a closed state
for direct connection of a second battery pack. The multi-
switch contactor assembly 1020 also includes a third
switch implemented by a third moveable contact and at
least one third fixed contact, the third switch configured to
change a switch state between an open state and a
closed state for series connection of the first battery pack
and the second battery pack. The multi-switch contactor
assembly 1020 also includes a fourth switch implemen-
ted by a fourth moveable contact and at least one fourth
fixed contact, the fourth switch configured to change a
switch state between an open state and a closed state for
connection of a pre-charge relay. The multi-switch con-
tactor assembly 1020 further includes an actuator as-
sembly configured to actuate the first moveable contact,
the second moveable contact, the third moveable con-
tact, and the fourth moveable contact. The actuator as-
sembly includes a shaft, wherein the respective switch
states of the switches are mechanically linked and are
changed in dependence upon rotation of the shaft.
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Although a multi-switch contactor assembly is described
in the following examples as including four switches, the
principles of the present disclosure are applicable to a
multi-switch contactor assembly comprising fewer than
four switches or more than four switches. That s, a single
actuator is employed to change multiple switches to
differing switch states such that some combinations of
switch states are mechanically prohibited. As discussed
above, mechanical linkage of the contactor switches can
be achieved with low contact resistance, no levitation, no
hold power, and high contact forces.

[0047] In some implementations, each switch of the
multi-switch contactor assembly 1020 includes a fixed
bus bar and a deformable bus bar (i.e., a moveable
contact) that is coupled to a rocker mechanism. As dis-
cussed above with reference to FIGS. 3 and 8B, a switch
is actuated by a rocker moving the deformable bus bar
into an out of contact with the fixed bus bar. The rocker is
actuated by rotation of a cam that is coupled to a cam
shaft. Each switch is independently actuated by a re-
spective cam, and all of the cams are mechanically linked
by the cam shaft. Each cam may have a cam shape, such
as the cam shapes in FIG. 5, that includes an actuator
portion (e.g., awing or lobe). These actuator portions are
not aligned along the length of the cam shaft. Thus, the
switch states of the four switches varies in dependence
upon the angle of rotation of the cam shaft. In some
examples, the fixed bus bar is implemented as a partial
loop such as a C-shape, bracket-shape, or U-shape and
the deformable bus bar contacts an inner surface of the
fixed bus bar, as discussed above with reference to FIG.
8A, such that high current passing through the fixed bus
bar and the deformable bus bar creates Lorentz forces
that holds the deformable bus bar in contact with the fixed
bus bar.

[0048] For further explanation, FIG. 11 sets forth a
table 1100 of cam shaft angles and circuit states with
respect to connection of the two battery packs and a pre-
charge relay. In the example of FIG. 11, two 400V battery
packs '‘Bank A" and 'Bank B’ of an electric vehicle are
shown for illustrative purposes. Additional battery packs
or alternative voltages may be employed without depart-
ing from embodiments of the present disclosure. Column
1101 inthe table 1100 indicates the angle of rotation of the
cam shaft. The angles shown in the table are provided for
illustrative purposes; various implementations may use
different angles based on cam shaft motor speed and
isolation requirements. Column 1102 in the table 1100
indicates the high voltage circuit state. Column 1103 in
the table 1100 indicates the switch state for direct con-
nection of Bank A. Column 1104 in the table 1100 indi-
cates switch state for series connection of Bank A and
Bank B. Column 1105 in the table 1100 indicates switch
state for direct connection of Bank B. Column 1106 in the
table 1100 indicates switch state for connection of the
pre-charge relay. Inthe example of FIG. 11, when the cam
shaft is at 0 degrees, the circuit state is 800V driving/-
charging and the switch to connect Bank A and Bank B in
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series is closed with all other switches being open. When
the cam shaftis at 45 degrees or 315 degrees (forward or
reverse 45 degrees from the 800V driving/charging
state), the switch to connect the pre-charge relay is
closed and all other switches are open. When the cam
shaftis at 90 degrees or 270 degrees (forward or reverse
90 degrees from the 800V driving/charging state), all
switches are open. This ensures that all switches are
open before entering the pre-charging state. When the
cam shaft is at 135 degrees, the switch for direct con-
nection of Bank A for 400V charging is closed and all
other switches are open. When the cam shaft is at 180
degrees, the switch for direct connection of Bank A for
400V charging is closed and the switch for direct con-
nection of Bank B for 400V charging is closed (i.e.,
parallel charging), and all other switches are open. When
the cam shaft is at 225 degrees, the switch for direct
connection of Bank B for 400V charging is closed and all
other switches are open. Thus, whether going in the
forward or reverse cam shaft rotation direction, the switch
states are all open before transitioning to a single battery
pack charging state and then to a parallel battery pack
charging state, and before transitioning to the pre-charge
state. In this way, switch state combinations that could
lead to system damage are mechanically prevented.
[0049] For further explanation, FIG. 12 sets forth per-
spective diagram of an example multi-switch contactor
assembly 1200. For example, the multi-switch contactor
assembly 1200 may implement the multi-switch contac-
tor assembly 1020 of FIG. 10. The multi-switch contactor
assembly 1200 includes four contactors 1201, 1202,
1204, and 1205. By way of example and not limitation,
with reference also to FIG. 10, contactor 1201 may im-
plement switch S1, contactor 1202 may implement
switch S2, contactor 1204 may implement switch S3,
and contactor 1205 may implement switch SO. A pre-
charge relay 1203 is disposed between two of the con-
tactors (e.g., between contactor 1202 and contactor
1204). A cam actuator shaft 1206 extends through con-
tactors 1201, 1202, 1204, and 1205 and through pre-
charge relay 1203. The cam actuator shaft mechanically
links the cams of each contactor 1201, 1202, 1204, and
1205 to prevent dangerous switch state combinations.
Rotation of the cam shaft rotates each cam of each
contactor 1201, 1202, 1204, and 1205.

[0050] Forfurther explanation, FIG. 13 sets forth a flow
chartillustrating an example method of operating a multi-
switch contactor assembly in accordance with at least
one embodiment of the present disclosure. The method
of FIG. 13 includes connecting 1302 the multi-switch
contactor assembly to a power distribution system and
at least one component. For example, the at least one
component may be one or more battery packs or an
inverter motor. In some examples, the contactor assem-
bly may be any of the multi-switch contactor assemblies
described above, in that the contactor assembly includes
an array of two or more switches, each switch comprising
a moveable contact and a fixed contact. The moveable
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contact is configured to contact a first end of the fixed
contact in a closed switch state. The moveable contact
and the fixed contact are oriented such that current
passing between the moveable contact and the fixed
contact induces an electromagnetic field that acts on
the moveable contact in the direction of the first end of
the fixed contact. The multi-switch contactor assembly
further comprises an actuator assembly configured to
actuate each movable contact simultaneously. The ac-
tuator assembly includes a shaft, wherein the respective
switch states of the two or more switches are changed in
dependence upon rotation of the shaft. For example, the
two or more switches may be implemented by switch
assemblies such as the switch assembly 800 that are
disposed on the same actuator shaft. The contactor
assembly may be, for example, the multi-switch contac-
tor assembly 120 of FIG. 1 (e.g. a configuration contac-
tor), the main contactor 906 of FIG. 9, the fast-charging
contactor 910 of FIG. 9, the auxiliary contactor 902, or the
multi-switch contactor assembly 1020 of FIG. 10 (e.g. a
configuration contactor).

[0051] In some examples, at least one fixed contact
includes a second end substantially parallel to the first
end and middle portion substantially orthogonal to the
first end and the second end. A contact portion of the
moveable contact is oriented between the first end and
the second end of the at least one fixed contact. The
contact portion of the moveable contact is configured to
contact an inner side of the first end that is opposite an
inner side of the second end of the at least one fixed
contact. In the presence of high current through the fixed
contact in contact with the moveable contact, Lorentz
forces acting on the moveable contact repel the move-
able contact toward the fixed contact, thus increasing the
contact force.

[0052] The method of FIG. 13 also includes rotating
1304 the shaft to change respective switch states of the
two or more switches of the multi-switch contactor as-
sembly, wherein particular combinations of switch states
are mechanically prevented. Rotation of the cam shaft to
change the switch states is described above. Rotation of
the cam shaft rotates two or more cams. In each switch, a
cam, depending on its rotational orientation, engages a
rocker attached to the moveable contact and causes
rotation of the rocker, which moves the moveable contact
into or out of contact with the fixed contact. The cam shaft
rotates multiple cams at the same time, which changes
the switch states of the switches.

[0053] In view of the foregoing, it will be appreciated
that the multi-switch contactor assemblies and battery
configuration contactor described above provide a num-
ber of advantages, including the ability to configure two
battery packs into serial and parallel states (e.g., one for
driving and one for charging an electric vehicle), low
contactresistance (e.g., less than 50.Q per switch), high
levitation withstand realized via appreciable contact
force, a mitigation of risk of battery shorting due to loss
of switching coordination or mechanical shock, the ability
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to manage voltage potential mismatch in battery packs,
the ability to actively break tack welds, low hold power
required for an actuated state, reduced switching noise,
and an increase in contact force by leveraging Lorentz
forces through conductor geometry and orientation.
Further, a pre-charge relay is integrated within the mul-
ti-switch contactor assembly.

[0054] In view of the foregoing, it will be appreciated
that the present disclosure describes an embodiment
directed to a multi-switch contactor assembly that in-
cludes an array of two or more switches, each switch
comprising a moveable contact and a fixed contact,
where the moveable contact is configured to contact a
first end of the fixed contact in a closed switch state, and
where the moveable contact and the fixed contact are
oriented such that current passing between the move-
able contact and the fixed contact induces an electro-
magnetic field that acts on the moveable contact in the
direction of the first end of the fixed contact. The multi-
switch contactor assembly also includes an actuator
assembly configured to actuate each movable contact
simultaneously, the actuator assembly including a shaft,
where the respective switch states of the two or more
switches are changed in dependence upon rotation of the
shaft.

[0055] Insomeexamples, the fixed contact is substan-
tially C-shaped having an inner surface and an outer
surface, and the moveable contact is oriented contact
the inner surface of the fixed contact. In some examples,
the fixed contact includes a second end substantially
parallel to the first end and a middle portion substantially
orthogonal to the first end and the second end, where a
contact portion of the moveable contact is oriented be-
tween the first end and the second end of the fixed
contact, and where the contact portion of the moveable
contact is configured to contact an inner surface of the
first end that is opposite an inner surface of the second
end of the fixed contact. In some examples, the fixed
contact is substantially S-shaped, where the moveable
contact is oriented to contact an inner surface of a first
prong of the fixed contact.

[0056] In some examples, a contact portion of the
moveable contact is coupled to a rocker of the actuator
assembly; and wherein the rocker is rotated in response
to a cam of the actuator assembly to move the contact
portion with respect to the first end of the fixed contact. In
some examples, the moveable contact is deformable,
where the contact portion of the moveable contact is
moved by bending the moveable contact, and where
the rocker bends the moveable contact when the rocker
is rotated.

[0057] In some examples, passing currents through
the moveable contact and the fixed contact generate
Lorentz forces that increase the a contact force between
the moveable and the fixed contact. In some examples,
the actuator assembly includes two or more cams thatare
rotatable through rotation of the shaft, the two or more
cams configured to respectively actuate the two or more
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switches based on the rotation of the shaft. In some
implementations, each of the two or more cams includes
an actuation member, wherein the actuation members of
at least two cams are unaligned along the shaft.

[0058] In some variations, the multi-switch contactor
assembly includes a first switch configured to connect a
firstbattery device to a circuit, a second switch configured
to connect a second battery device to the circuit, and a
third switch configured to connect the first battery device
and the second battery device in series to the circuit. In
some implementations, the two or more switches include
a fourth switch configured to connect a pre-charge relay
to at least one of the first battery device and the second
battery device, where the first switch, second switch, third
switch, and fourth switch are actuated by respective
cams mounted on the shaft. In some examples, the
pre-charge relay is connectable in series between the
first battery device and the second battery device via the
fourth switch.

[0059] In some variations, each switch further com-
prises a second fixed contact; wherein the moveable
contact is configured to contact the second fixed contact
in a different closed switch state.

[0060] Another embodimentis directed to a system for
multi-switch contactor assembly. The system includes
one or more components, a vehicle power distribution
circuit, and a multi-switch contactor assembly connecting
the one or more components and the vehicle power
distribution circuit. The multi-switch contactor assembly
that includes an array of two or more switches, each
switch comprising a moveable contact and a fixed con-
tact, where the moveable contact is configured to contact
afirstend of the fixed contactin a closed switch state, and
where the moveable contact and the fixed contact are
oriented such that current passing between the move-
able contact and the fixed contact induces an electro-
magnetic field that acts on the moveable contact in the
direction of the first end of the fixed contact. The multi-
switch contactor assembly also includes an actuator
assembly configured to actuate each movable contact
simultaneously, the actuator assembly including a shaft,
where the respective switch states of the two or more
switches are changed in dependence upon rotation of the
shaft.

[0061] In some examples, the one or more compo-
nents includes a first battery device and a second battery
device. In some examples, the one or more components
is an inverter. In some examples, the one or more com-
ponents is a fast-charging connector. In some examples,
the one or more components is an auxiliary connector.
[0062] In some examples, the one or more compo-
nents includes a first battery device and a second battery
device, and the two or more switches includes a first
switch configured to connect the first battery device to
the vehicle power distribution circuit, a second switch
configured to connect the second battery device to the
vehicle power distribution circuit, and a third switch con-
figured to connect the first battery device and the second
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battery device in series to the vehicle power distribution
circuit.

[0063] In some examples, the two or more switches
include a fourth switch configured to connect a pre-
charge relay to at least one of the first battery device
and the second battery device, where the first switch,
second switch, third switch, and fourth switch are actu-
ated by respective cams mounted on the shaft. In some
examples, the pre-charge relay is connectable in series
between the first battery device and the second battery
device via the fourth switch, where the pre-charge relay
pre-charges the vehicle power distribution circuit.
[0064] In some examples, the system further com-
prises a position sensor configured to detect a rotation
of the shaft, where a signal output by the position sensor
is provided to one or more controllers for controlling
rotation of the shaft and indicating a state of the switches.
[0065] Another embodimentis directed to a method for
a multi-switch contactor assembly. The method includes
connecting the multi-switch contactor assembly to a
power distribution system and at least one component.
The multi-switch contactor assembly that includes an
array of two or more switches, each switch comprising
amoveable contact and a fixed contact, where the move-
able contactis configured to contact a first end of the fixed
contactin a closed switch state, and where the moveable
contact and the fixed contact are oriented such that
current passing between the moveable contact and the
fixed contact induces an electromagnetic field that acts
on the moveable contact in the direction of the first end of
the fixed contact. The multi-switch contactor assembly
alsoincludes an actuator assembly configured to actuate
each movable contact simultaneously, the actuator as-
sembly including a shaft, where the respective switch
states of the two or more switches are changed in de-
pendence upon rotation of the shaft. The method also
includes rotating the shaft to change respective switch
states of two or more switches of the multi-switch con-
tactor assembly.

[0066] Itwill be understood from the foregoing descrip-
tion that modifications and changes may be made in
various embodiments of the present disclosure without
departing from its true spirit. The descriptions in this
specification are for purposes of illustration only and
are not to be construed in a limiting sense. The scope
ofthe presentdisclosure is limited only by the language of
the following claims.

Claims
1. A multi-switch contactor assembly comprising:

an array of two or more switches, each switch
comprising a moveable contact and a fixed con-
tact; wherein the moveable contactis configured
to contact a first end of the fixed contact in a
closed switch state; and wherein the moveable
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contact and the fixed contact are oriented such
that current passing between the moveable con-
tact and the fixed contact induces an electro-
magnetic field that acts on the moveable contact
in the direction of the first end of the fixed con-
tact; and

an actuator assembly configured to actuate
each movable contact simultaneously, the ac-
tuator assembly including a shaft, wherein the
respective switch states of the two or more
switches are changed in dependence upon ro-
tation of the shaft.

The multi-switch contactor assembly of claim 1,
wherein the fixed contact is substantially C-shaped
having an inner surface and an outer surface; and
wherein the moveable contact is oriented to contact
the inner surface of the fixed contact.

The multi-switch contactor assembly of claim 2,
wherein the fixed contact includes a second end
substantially parallel to the first end and a middle
portion substantially orthogonal to the first end and
the second end, wherein a contact portion of the
moveable contact is oriented between the first end
and the second end of the fixed contact; and wherein
the contact portion of the moveable contact is con-
figured to contact an inner surface of the first end that
is opposite an inner surface of the second end of the
fixed contact.

The multi-switch contactor assembly of claim 1,
wherein a contact portion of the moveable contact
is coupled to a rocker of the actuator assembly; and
wherein the rocker is rotated in response to a cam of
the actuator assembly to move the contact portion
with respect to the first end of the fixed contact.

The multi-switch contactor assembly of claim 4,
wherein the moveable contact is deformable; where-
in the contact portion of the moveable contact is
moved by bending the moveable contact; and
wherein the rocker bends the moveable contact
when the rocker is rotated.

The multi-switch contactor assembly of claim 1,
wherein the fixed contact is substantially S-shaped;
and wherein the moveable contact is oriented to
contact an inner surface of a first prong of the fixed
contact.

The multi-switch contactor assembly of claim 1,
wherein passing currents through the moveable con-
tact and the fixed contact generate Lorentz forces
that increase a contact force between the moveable
and the fixed contact.

The multi-switch contactor assembly of claim 1,
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wherein the actuator assembly includes two or more
cams that are rotatable through rotation of the shaft,
the two or more cams configured to respectively
actuate the two or more switches based on the
rotation of the shaft.

The multi-switch contactor assembly of claim 8,
wherein each of the two or more cams includes an
actuation member, wherein the actuation members
of at least two cams are unaligned along the shaft.

The multi-switch contactor assembly of claim 1,
wherein the two or more switches includes:

a first switch configured to connect a first battery
device to a circuit;

a second switch configured to connect a second
battery device to the circuit; and

a third switch configured to connect the first
battery device and the second battery device
in series to the circuit.

The multi-switch contactor assembly of claim 10,
wherein the two or more switches includes:

a fourth switch configured to connect a pre-charge
relay to at least one of the first battery device and the
second battery device; wherein the first switch, the
second switch, the third switch, and the fourth switch
are actuated by respective cams mounted on the
shaft.

The multi-switch contactor assembly of claim 11,
wherein the pre-charge relay is connectable in series
between the first battery device and the second
battery device via the fourth switch.

The multi-switch contactor assembly of claim 1,
wherein each switch further comprises a second
fixed contact; wherein the moveable contact is con-
figured to contact the second fixed contact in a
different closed switch state.

A system for a multi-switch contactor assembly, the
system comprising:

one or more components;

a vehicle power distribution circuit; and

a multi-switch contactor assembly connecting
the one or more components and the vehicle
power distribution circuit, the multi-switch con-
tactor assembly comprising:

an array of two or more switches, each
switch comprising a moveable contact
and a fixed contact; wherein the moveable
contactis configured to contact a first end of
the fixed contact in a closed switch state;
and wherein the moveable contact and the
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fixed contact are oriented such that current
passing between the moveable contact and
the fixed contact induces an electromag-
netic field that acts on the moveable contact
in the direction of the first end of the fixed
contact; and

an actuator assembly configured to actuate
each movable contact simultaneously, the
actuator assembly including a shaft, where-
in the respective switch states of the two or
more switches are changed in dependence
upon rotation of the shaft.

The system of claim 14, wherein one or more com-
ponents includes at least one of a battery device, an
inverter, a fast-charging connector, and an auxiliary
connector.

The system of claim 14, wherein the one or more
components includes a first battery device and a
second battery device; and

wherein the two or more switches includes:

a first switch configured to connect the first
battery device to the vehicle power distribution
circuit;

a second switch configured to connect the sec-
ond battery device to the vehicle power distribu-
tion circuit; and

a third switch configured to connect the first
battery device and the second battery device
in series to the vehicle power distribution circuit.

The system of claim 16, wherein the two or more
switches includes:

a fourth switch configured to connect a pre-charge
relay to atleast one of the first battery device and the
second battery device; wherein the first switch, the
second switch, the third switch, and the fourth switch
are actuated by respective cams mounted on the
shaft.

The system of claim 17, wherein the pre-charge relay
is connectable in series between the first battery
device and the second battery device via the fourth
switch; and wherein the pre-charge relay pre-
charges the vehicle power distribution circuit.

The system of claim 14 further comprising a position
sensor configured to detect a rotation of the shaft,
where a signal output by the position sensor is pro-
vided to one or more controllers for controlling rota-
tion of the shaft and indicating a state of the switches.

A method for a multi-switch contactor assembly, the
method comprising:

connecting the multi-switch contactor assembly
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to a power distribution system and at least one
component, the contactor assembly comprising:

an array of two or more switches, each
switch comprising a moveable contact 5
and a fixed contact; wherein the moveable
contactis configured to contact a first end of

the fixed contact in a closed switch state;

and wherein the moveable contact and the
fixed contact are oriented such that current 70
passing between the moveable contact and

the fixed contact induces an electromag-
netic field that acts on the moveable contact

in the direction of the first end of the fixed
contact; and 15
an actuator assembly configured to actuate
each movable contact simultaneously, the
actuator assembly including a shaft; and

rotating the shaft to change respective switch 20
states of two or more switches of the multi-switch
contactor assembly.
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Connect The Multi-Switch Contactor Assembly To A Power Distribution System
And At Least One Component, The Contactor Assembly Comprising: An Array Of
Two Or More Switches, Each Switch Comprising A Moveable Contact And A
Fixed Contact; Wherein The Moveable Contact Is Configured To Contact A First
End Of The Fixed Contact In A Closed Switch State; And Wherein The Moveable
Contact And The Fixed Contact Are Oriented Such That Current Passing
Between The Moveable Contact And The Fixed Contact Induces An
Electromagnetic Field That Acts On The Moveable Contact In The Direction Of
The First End Of The Fixed Contact; And An Actuator Assembly Configured To
Actuate Each Movable Contact Simultaneously, The Actuator Assembly Including
A Shaft, Wherein The Respective Switch States Of The Two Or More Switches
Are Changed In Dependence Upon Rotation Of The Shaft

1302

Y

Rotate The Shaft To Change Respective Switch States The Two Or More
Switches Of The Multi-Switch Contactor Assembly 1304

FIG. 13
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