(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 January 2022 (27.01.2022)

(10) International Publication Number

WO 2022/020413 Al

WIPO I PCT

(51) International Patent Classification:

B60OL 50/60 (2019.01) HOIR 13/422 (2006.01)
B60OL 53/16 (2019.01) HOIR 13/639 (2006.01)
HOIR 13/42 (2006.01) HOIR 24/76 (2011.01)

(21) International Application Number:
PCT/US2021/042470

(22) International Filing Date:
21 July 2021 (21.07.2021)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
16/947,199 22 July 2020 (22.07.2020) Us

(71) Applicant: CATERPILLAR INC. [US/US], 100 NE
Adams Street, Peoria, Illinois 61629-9510 (US).

(72) Inventors: BAUMANN, Jonathan M.; 10301 West Lamp-
lighter Lane, Hanna City, [IL 61536 (US). SELVEY, Dustin
C.; 2124 Lexi Drive, Eureka, Illinois 61530 (US). CROS-
MAN III, Alexander C.; 316 West Westficld Court, Dun-
lap, IL 61525 (US).

(74) Agent: ANYASO, Uchendu O. et al.; Caterpillar Inc., 100

NE Adams Street - AH9510, Peoria, IL 61629-9510 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(54) Title: CHARGE-PORT CAPTURE DETECTION MECHANISM FOR BATTERY ELECTRIC VEHICLE

104
©402 + 408
K‘\/
DO O @K% =
AL — ) ‘2 400
404 S
408 A 404
2ol 1087 Uarg]
1021 1027
FIG. 6

wO 2022/020413 A1 |0 00000 KO0 00 T 0O 0O

(57) Abstract: The disclosure describes technology that includes a charge-port (302) capture detection mechanism (400), which has
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adjacent to a high-voltage, direct current (HVDC) charge-potrt (302). The capture gate (402) is movably attached to the mounting base
(404), the capture gate (402) being moveable, relative to the mounting base (404), between a closed position in which the capture gate
(402) captures a charge connector (108) of a charging cable (102) engaged in the HVDC charge-port (302) and an open position.
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Description

CHARGE-PORT CAPTURE DETECTION MECHANISM FOR BATTERY
ELECTRIC VEHICLE

Technical Field

The present disclosure generally relates to the operation and
charging of a battery pack, and more particularly, to the safe operation of and
charging of an externally charged battery pack of associated with a battery
electric vehicle (BEV).

Background

A BEV is a type of electric vehicle having an energy source
derived from one or more onboard battery packs that are recharged from an
external charging source. Some BEVs are externally charged via an external
electric vehicle supply equipment (EVSE) across a cable linking the EVSE to the
BEV. In some instances, the EVSE may be an external high-voltage, direct
current (HVDC) power source. Unfortunately, when an HVDC power source
charges the battery pack of the BEV, a potentially hazardous degree of electrical
voltage and current (HV power) is involved. This is sufficiently hazardous to
cause damage to equipment and/or an operator of such equipment.

To address this, some charge-cable connectors employ a high
voltage interlock loop (HVIL) circuit to protect against unintended access to the
HV power of the charge-cable connector. The HVIL circuit is energized by
relatively low-voltage power and is provided to protect against unintentional
exposure to the HV power generally. Specifically, if the HVIL circuit experiences
a change in electrical characteristics (e.g., an open circuit condition) indicating
potential exposure to the HV power, then the HVDC power source is
disconnected from the battery pack.

The conventional HVIL circuits are designed to detect a
disengagement and signal that the charging should cease. However, the time

required for the arc potential to dissipate is likely longer than the time afforded
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from the HVIL system to open internal contactors and thus signal that charging
should cease. Therefore, HVIL circuits cannot prevent the danger of an arc flash
when the operator removes the charge connector on the order of tens of
milliseconds.

Another approach includes the use of internal locking clips in the
charge-cable connectors. The internal locking clip locks the connector in-place to
the charging outlet of the BEV while the HVDC power source charges the battery
pack. To remove the connector, the operator must press a push-button mechanism
of the internal locking clips. This action sends a signal to the HVDC power
source to cease the charging and physically releases the connector from an outlet
of the BEV so that the operator can remove the connector.

The conventional internal push-button locking clips are known to
break. Of course, in that situation, the operator can remove the charge connector
unimpeded. Especially with HV power, the charge connector is large to
accommodate the HV power transmission and their electrical connections. In
these instances, the connector may have no room to accommodate an internal
locking clip, and there may be no room for an operator to access a push-button on
such a connector. So, there is a need for an additional mechanism to reduce the
risk to an operator from removing a charge connector from the HVDC charge-
port of the BEV.

For example, as described in U.S. Patent No. 10,046,661
(hereinafter, “the ‘661 patent), is a system that detects a physical connection
between charge connectors of charge cables from an external power supply with
a charge-port of an electric vehicle.

However, the system described in the ‘661 patent may not be
sufficient to ensure safe disengagement of the charge-cable connectors, especially
as the HVDC power source delivers significant HV power. For instance, the
detection system of the ‘661 patent relies on a pilot signal between the HVDC
charge-port of the electric vehicle and its charge connectors. The detection
system determines that the physical connection is severed when that pilot signal

is lost.
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However, there is an unavoidable time gap between a physical
disconnection and the detection of a loss of the pilot signal that is indicative of
that disconnection. This is especially true when the operation quickly removes
the charge connector. During this time gap, an arc flash may occur. This is
especially dangerous when an HVDC power source is used. As a result, the
detection system of the ‘661 patent cannot prevent a quick removal of a charge
connector, and thus, the operator and equipment are subject to damage caused by
an arc flash during the time gap between removal and detection.

Example embodiments of the present disclosure are directed

toward overcoming the deficiencies described above.

Summary

In an aspect of the present disclosure, a charge-port capture
detection mechanism includes a mounting base and a capture gate. The mounting
base is connectable to a battery electric vehicle (BEV) at a location adjacent to a
high-voltage, direct current (HVDC) charge-port. The capture gate movably
attached to the mounting base. The capture gate is moveable, relative to the
mounting base, between a closed position, in which the capture gate captures a
charge connector of a charging cable engaged in the HVDC charge-port, and an
open position.

In another aspect of the present disclosure, a BEV in includes an
externally rechargeable battery pack, an HVDC charge-port, and a charge-port
capture detection mechanism. The HVDC charge-port has a receptacle to engage
a charge connector of a charging cable from an external HVDC power source.
The charge-port capture detection mechanism includes a mounting base and a
capture gate. The mounting base is connectable to a BEV at a location adjacent to
the HVDC charge-port. The capture gate is movably attached to the mounting
base, the capture gate being moveable, relative to the mounting base, between a
closed position and an open position, In the closed position, the capture gate is
configured to capture the charge connector engaged in the HVDC charge-port,
thereby prohibiting removal of the charge connector from the HVDC charge-port.
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In the open position, the capture gate is configured to remain free from the charge
connector engaged in the HVDC charge-port, thereby permitting removal of the
charge connector from the HVDC charge-port.

In yet another aspect of the present disclosure, a method includes
obtaining a gate-release indication that a capture gate has transitioned from a
closed position to an open position. In the closed position, the capture gate is
configured to capture the charge connector engaged in the HVDC charge-port,
thereby prohibiting removal of the charge connector from the HVDC charge-port.
In the open position, the capture gate is configured to remain free from the charge
connector engaged in the HVDC charge-port, thereby permitting removal of the
charge connector from the HVDC charge-port. Such a method further includes in
response to the gate-release indication, disabling charging of an externally

rechargeable battery pack via the HVDC charge-port of the BEV.

Brief Description of Drawings

FIGS. 1-3 illustrate an example system of the present disclosure,
including a BEV.

FIGS. 4-6 illustrate an example charge-port capture detection
mechanism of an example BEV in accordance with the technology described
herein.

FIGS. 7-9 illustrate an example mounting base of an example
charge-port capture detection mechanism.

FIGS. 10 and 11 illustrate another example charge-port capture
detection mechanism in accordance with the technology described herein.

FIGS. 12 and 13 illustrate still another example charge-port
capture detection mechanism in accordance with the technology described herein.

FIG. 14 illustrates a schematic diagram of a BEV connected to an
external power supply in accordance with the technology described herein.

FIG. 15 is a flowchart that illustrates an example process of

detecting the position of a capture gate.
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FIG. 16 illustrates a schematic diagram of a computer suitable to
implement the example process of FIG. 15, in accordance with the technology
described herein.

The following detailed description of the drawings provides
references to the accompanying figures. In the figures, the left-most digit(s) of a
reference number identifies the figure in which the reference number first
appears. The use of the same reference numbers in different figures indicates
similar or identical items. The systems depicted in the accompanying figures are
not to scale, and components within the figures may be depicted not to scale with

each other.

Detailed Description

This disclosure describes technology related to a charge-port
capture detection mechanism of a BEV. With the techniques described herein,
while an external HVDC power source is actively charging the onboard battery
pack of the BEV, an operator is forced to manually extricate a gate of a
mechanism that captures a charge connector of a charging cable when that charge
connector is engaged in an HVDC charge-port of the BEV. This configuration
requires the operator to move the gate of the mechanism to disengage the
engaged charge connector. Moreover, sensors are integrated into the mechanism
to signal that the charging should be ceased when the gate of the mechanism is
removed.

FIGS. 1, 2, and 3 illustrate an example arrangement in which an
implementation of the technology described herein may be employed. FIGS. 1
and 2 show a charging cable 102, a BEV 104, an external HVDC power source
106, a charge connector 108, and an HVDC charge-port cap 110. In addition,
FIG. 3 shows one of two HVDC charge-ports (e.g., HVDC charge-port 302) of
the BEV 104, and an operator 304 disconnecting the charging cable 102 from the
HVDC charge-port 302.

When operating normally, the BEV 104 is the type of electric

vehicle having an energy source derived from the onboard battery pack (not
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shown) that is recharged from an external HVDC power source, which is the
external HVDC power source 106. In other instances, the BEV 104 may also
have an alternative onboard energy source or form of propulsion (e.g., hydrogen
fuel cells, internal combustion engine, etc.).

Examples of BEVs 104 include underground mining load-haul-
dump (LHD) loader, excavators, backhoe, dragline excavator, bulldozers,
graders, wheel tractor scraper, trenchers, loaders, tower cranes, pavers,
compactors, telehandlers, feller bunchers, dump trucks, pile boring machine, pile
driving machine, other construction equipment and vehicles, automobiles, trucks,
buses, trains, trams, watercraft, amphibious vehicles, aircraft, drones, and the
like.

The BEV 104 is externally charged via HVDC electric power
transmission across the charging cable 102 that links the external HVDC power
source 106 (i.e., power supply) to the HVDC charge-port 302 of the BEV 104.
The HVDC power source 106 may be, for example, a diesel generator rated for
360-500 electric kilowatts (ekW) and delivering 308 to 600 volts via the charging
cable 102 to charge the battery pack of the BEV 104. In other examples, the
external HVDC power source 106 may be configured to deliver greater than or
less than the range of power noted above. In still other examples, the external
HVDC power source 106 may be a high-power AC-to-DC power converter.

As depicted, the BEV 104 has two HVDC charge-ports. One of
the HVDC charge-ports is hidden from view in FIG. 3 by the HVDC charge-port
cap 110, and the other HVDC charge-port 302 is shown in FIG. 3 after the charge
connector 108 is disengaged by the operator 304. The HVDC charge-ports 302
are designed to receive HVDC electric power transmission from the external
HVDC power source 106 via the charging cable 102 when the charge connector
108 is fully connected to the HVDC charge-ports 302. In other instances, the
BEV 104 may have fewer or more HVDC charge-ports 302.

As depicted in FIG. 2, the charge connector 108 has a larger

diameter than the charging cable 102. In some instances, the charge connector
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108 may have a portion thereof that is larger than the charging cable 102. That
portion may be called, for example, a grip.

The difference between differing diameters may produce a wall
112 between the charge connector 108 and the charging cable 102 or between the
grip and the remainder of the charge connector 108. The wall 112 may be
perpendicular or substantially perpendicular (e.g., less than thirty degrees)
relative to a coaxial axis of the charge connector 108 and the charging cable 102.

FIG. 3 shows a moment immediately after the operator 304 has
manually disengaged the charge connector 108 from the HVDC charge-port 302
while the external HVDC power source 106 is actively charging the battery pack
of the BEV 104. This action may create an arc flash 306 that could damage the
equipment and/or physically harm the operator 304.

FIGS. 4-6 illustrate an example charge-port capture detection
mechanism 400 in accordance with the technology described herein. FIGS. 4-6
show a cut-away elevation view of the region, shown in FIGS. 2 and 3, around
the HVDC charge-ports (e.g., HVDC charge-port 302) of the BEV 104. FIGS. 4-
6 show the charge-port capture detection mechanism 400 affixed to the BEV 104
above the two charge connectors (e.g., charge connector) 108 of the charging
cables (e.g., charging cable 102). Each of the charging cable 102 are illustrated as
being plugged into the HVDC charge-ports (e.g., HVDC charge-port 302) of the
BEV 104,

The charge-port capture detection mechanism 400 includes a
capture gate 402 and a mounting base 404. The capture gate 402 has a crossbar
408 with arms 410 that extend perpendicularly therefrom. The charge-port
capture detection mechanism 400 also has a gate-position monitor 406 that
detects the present position of the capture gate 402.

The mounting base 404 is connectable to the BEV 104 at a
location adjacent to HVDC charge-port 302. As shown in FIGS. 4-6, the
mounting base 404 is fixedly attached or mounted to the BEV 104 above and
adjacent to the HVDC charge-ports 302. In other instances, the mounting base
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404 may be affixed to the BEV 104 below and adjacent to the HVDC charge-
ports 302.

The capture gate 402 is movably attached to the mounting base
404. The capture gate 402 is moveable, relative to the mounting base 404,
between a closed position (shown in FIG. 6) and an open position (shown in FIG.
4).

FIG. 4 shows the capture gate 402 in a first or open position. In
the open position, the capture gate 402 provides access to the charge connector
108 and/or the HVDC charge-ports (e.g., HVDC charge-port 302). Thus, the
operator 304 may remove the engaged charge connector 108 of the charging
cable 102 without hindrance from the charge-port capture detection mechanism
400. Similarly, when the HVDC charge-ports (e.g., HVDC charge-port 302) is
empty, the operator 304 may plug the charge connector 108 into the empty
HVDC charge-port 302 without any hindrance.

The open position is the position of the capture gate 402 when it is
configured to remain free from the charge connector 108 as it is engaged in the
HVDC charge-port 302. Thus, the open position permits removal of the charge
connector 108 from the HVDC charge-port 302.

FIG. 6 shows the capture gate 402 in a second or closed position.
In the closed position, the capture gate 402 closed onto the charge connector 108
and around the charging cable 102. In the closed position, the operator 304
cannot remove the engaged charge connector 108 of the charging cable 102. The
capture gate 402 captures the engaged charge connector 108 of the charging cable
102.

The closed position is the position of the capture gate 402, where
it is configured to capture the charge connector 108 of the charging cable 102
while the charge connector 108 is engaged in the HVDC charge-port 302. Thus,
the closed position prohibits the removal of the charge connector 108 from the
HVDC charge-port 302.

As depicted in FIG. 6, when in the closed position, the crossbar

408 and arms 410 of the capture gate 402 are proximate to and/or pressed against
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the wall 112. In this manner, the crossbar 408 and arms 410 prohibit the removal
of the charge connector from the HVDC charge-port. 302. In other examples, the
capture gate 402 might not have arms 410.

Instead, the crossbar 408 alone may prohibit removal of the charge
connector from the HVDC charge-port. 302. In still other examples, the crossbar
408 may be shaped to fit around the contours of the charge connector 108 tightly,
and in that way, the capture gate 402 may prohibit the removal of the charge
connector from the HVDC charge-port. 302.

FIG. 5 shows the capture gate 402 in a third or transition position.
In the transition position, the capture gate 402 is transitioning from the closed
position to the open position. While in the transition position, the capture gate
402 may be released and may permit the operator 304 to disengage the charge
connector 108 of the charging cable 102 from the HVDC charge-port 302.

FIGS. 7-9 show the detail of an example of one of the mounting
bases 404 of the charge-port capture detection mechanism 400 with the capture
gate 402 shown in the closed position (as shown in FIG. 6). FIG. 7 shows a
simplified isometric view of the example mounting base 404. FIG. 8 shows an
elevation view of the example mounting base 404. FIG. 9 shows an isometric
view of the example mounting base 404.

As depicted in FIGS. 7-9, the example mounting base 404
includes gate-position flag 702, mounting bracket 704, open-position stop 706,
closed-position stop 708, sensor supports 710, hinge 720, and the gate-position
monitor 406.

The mounting bracket 704 rigidly affixes the rest of the mounting
base 404 to the BEV 104. The hinge 720 is an end of the capture gate 402
inserting into a shape conforming hole formed at the top of the mounting base
404. In this way, the capture gate 402 may swing up or down. That is, it may
swing towards or away from the HVDC charge-ports (e.g., HVDC charge-port
302).

The hinge 720 is an example of a movable attachment with which

the capture gate 402 is movably attached to the mounting base 404. The hinge
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720 may include one or more hinges that enable the capture gate 402 to swing
away from HVDC charge-port 302 in the open position and towards the HVDC
charge-port 302 in the closed position. Examples of other suitable movable
attachments that may be utilized to implement the charge-port capture detection
mechanism 400, in accordance with the technology described herein, include a
ball joint, sliding mechanism, swinging mechanisms, and the like.

In some instances, the hinge 720 may have a bias device 730
connected thereto or an integral part of. The bias device 730 may be, for example,
a spring mechanism. Thus, the movable attachment (e.g., via the bias device 730
of the hinge 720) biases the capture gate in the closed position against the charge
connector engaged in the HVDC charge-port.

The bias device 730 bias the capture gate 402 so that it will remain
in the fully open position (like that of FIG. 4) or the fully closed position (like
that of FIG. 6) without manual intervention. For example, the bias device 730
biases the capture gate 402 towards the closed position. That closed-position bias
may be overcome when the operator 304 moves the capture gate 402 into the
open position. Therefore, the capture gate 402 is in the transient position during
the duration when the capture gate 402 moving from the closed position to the
open position.

To unplug the engaged charge connector 108 of the charging cable
102 with the capture gate 402 in the closed position, the operator 304 must lift or
open the capture gate 402. The bias device 730 of the movable attachment (e.g.,
hinge 720) is designed to bias the capture gate 402 onto the engaged charge
connector 108 of the charging cable 102 and/or onto the charging cable 102 of
the engaged charge connector 108 to hinder the transition.

The time required to 1) move the capture gate 402 from the closed
to the open position and 2) unplug the engaged charge connector 108 of the
charging cable 102 is enough to safely reduce current and prevent the potential
for the arc flash 306 once the connector is unplugged. Thus, the charge-port
capture detection mechanism 400 is designed to hinder the operator so that the

minimum time duration required for the operator to move the gate and unplug the
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engaged charge connector is twenty milliseconds (20 ms) or more. In some
instances, the duration may be eight to twelve milliseconds (8-12 ms) or more.
For example, the movable attachment may offer resistance to manual
manipulation by the operator to transition the capture gate 402 out of the closed
position and into the transitory position. Indeed, that resistance may cause the
transition to take at least twelve milliseconds.

The gate-position monitor 406 includes a closed-position sensor
712, and an open-position sensor 714. And the name implies, the sensor supports
710 holds the closed-position sensor 712 and the open-position sensor 714. These
sensors are part of the gate-position monitor 406 that determines the position of
the capture gate 402 of the charge-port capture detection mechanism 400.

The sensor supports 710 holds or supports the closed-position
sensor 712 in a location near the closed-position stop 708 so that the closed-
position sensor 712 can detect the immediate proximity of the gate-position flag
702. The sensor supports 710 holds or supports the open-position sensor 714in a
location near the open-position stop 706 so that the open-position sensor 714 can
detect the immediate proximity of the gate-position flag 702.

As depicted in FIGS. 7-9, the gate-position flag 702 is a metal tag
that is attached to or is an integral part of the capture gate 402. The closed-
position stop 708 is formed by an indention between the mounting bracket 704
and the hinge 720. The closed-position stop 708 prevents the capture gate 402
from swinging down more. More particularly, when gate-position flag 702 is in
this indention, which is the closed-position stop 708, the capture gate 402 is in
the closed position, as shown in FIG. 6.

In this closed position, the closed-position sensor 712 detects the
immediate proximity and/or contact of the gate-position flag 702 thereto. If so,
the gate-position monitor 406 generates a gate-closed indication.

The open-position stop 706 is a tab extending from the hinge 720
that prevents the capture gate 402 from swinging up and away from the HVDC
charge-port 302. When gate-position flag 702 is near the open-position stop 7006,

the capture gate 402 is in the open position, as shown in FIG. 4.
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In this open position, the open-position sensor 714 detects the
immediate proximity and/or contact of the gate-position flag 702 thereto. If so,
the gate-position monitor 406 generates a gate-open indication.

The close-position sensor 712 and the open-position sensor 714
may be implemented using, for example, inductive sensors. In other instances,
other proximity sensors may be employed, such as infrared, photoelectronic,
capacitive, and the like.

The gate-position monitor 406 indicates engagement of the charge
connector 108 of the charging cable 102 in response to the gate-position monitor
detecting the present position of the capture gate being closed. The closed-
position sensor 712 is positioned adjacent to the HVDC charge-port 302 and at an
end of a path of travel (which is closed-position stop 708) of the capture gate 402
towards the HVDC charge-port 302. The closed-position sensor 712 is configured
to detect presence of the capture gate and, in response, indicate that the present
position of the capture gate is closed.

The gate-position monitor 406 indicates disengagement of the
charge connector 108 of the charging cable 102 in response to the gate-position
monitor detecting the present position of the capture gate being open. The open-
position sensor 714 is positioned at an end of a path of travel (which is the open-
position stop 706) of the capture gate 402 from the HVDC charge-port 302. The
open-position sensor 714 is configured to detect presence of the capture gate and,
in response, indicate that the present position of the capture gate is open.

FIGS. 10 and 11 illustrate another example charge-port capture
detection mechanism 1000 in accordance with the technology described herein.
FIGS. 10 and 11 show a cut-away isometric view of the region, shown in FIGS. 2
and 3, around the charge-ports (e.g., HVDC charge-port 302) of the BEV 104.

FIGS. 10 and 11 show the charge-port capture detection
mechanism 1000 affixed to the BEV 104 above the two charge connectors (e.g.,
charge connector) 108 of the charging cables (e.g., charging cable 102). The
charge connector 108 is plugged into the charge-ports (e.g., HVDC charge-port
302) of the BEV 104. The charge-port capture detection mechanism 1000
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includes a capture gate 1002 and a mounting base 1004. The charge-port capture
detection mechanism 1000 also has a gate-position monitor (not shown in FIGS.
10 and 11) that detects the present position of the capture gate 1002.

As depicted in FIGS. 4-9, the capture gate 402 of the charge-port
capture detection mechanism 400 is hinged to swing or fold up and down relative
to the engaged charge connector 108 of the charging cable 102. In contrast, the
capture gate 1002 of the charge-port capture detection mechanism 1000, as
depicted in FIGS. 10 and 11, is hinged to swing in and out relative to the engaged
charge connector 108 of the charging cable 102.

FIG. 10 shows the capture gate 1002 in the second or closed
position. In the closed position, the capture gate 1002 is closed onto the charge
connector 108 and the charging cable 102. In the closed position, the operator
cannot remove the engaged charge connector 108 of the charging cable 102. The
capture gate 1002 captures the engaged charge connector 108 of the charging
cable 102. When the gate-position monitor detects that the capture gate 1002 is in
the closed position, it generates a gate-closed indication.

FIG. 11 shows the capture gate 1002 the first or open position. In
the open position, the capture gate 1002 does not block access to the charge
connector 108 and/or the charge-ports (e.g., HVDC charge-port 302). Thus, the
operator may remove the engaged charge connector 108 of the charging cable
102 without any hindrance. When the gate-position monitor detects that the
capture gate 1002 is in the open position, it generates a gate-open indication to a
safety system of the BEV 104,

While it is not shown, the capture gate 1002 has a third or
transition position in between the closed and open positions shown in FIGS. 10
and 11, respectively. In the transition position, the capture gate 1002 is
specifically transitioning from the closed position to the open position. Herein,
the transition position represents the capture gate 1002, having just been released
and now allowing for the operator to disengage the engaged charge connector

108 of the charging cable 102. When the gate-position monitor detects that the
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capture gate 1002 is in the transition position, it generates a gate-release
indication.

FIGS. 12 and 13 illustrate still another example charge-port
capture detection mechanism 1200 in accordance with the technology described
herein. FIGS. 12 and 13 show a cut-away isometric view of the region, shown in
FIGS. 2 and 3, around the charge-ports (e.g., HVDC charge-port 302) of the BEV
104.

FIGS. 12 and 13 show the charge-port capture detection
mechanism 1200 fixed to the BEV 104 below the two charge connectors (e.g.,
charge connector) 108 of the charging cables (e.g., charging cable 102). The
charge connector 108 is plugged into the charge-ports (e.g., HVDC charge-port
302) of the BEV 104. Indeed, the charge-port capture detection mechanism 1200
is embedded and recessed into an enclosure of the BEV 104.

The charge-port capture detection mechanism 1200 includes a
capture gate 1202 that functions as a sliding door. Its mounting base (not shown)
is recessed into the enclosure of the BEV 104. The charge-port capture detection
mechanism 1200 also has a gate-position monitor (not shown in FIGS. 12 and 13)
that detects the present position of the capture gate 1202.

As depicted in FIGS. 4-9, the capture gate 402 of the charge-port
capture detection mechanism 400 is hinged to swing or fold up and down relative
to the engaged charge connector 108 of the charging cable 102. In contrast, the
capture gate 1202 of the charge-port capture detection mechanism 1200, as
depicted in FIGS. 12 and 13, is recessed mounted so as to slide up and down
relative to the engaged charge connector 108 of the charging cable 102.

FIG. 12 shows the capture gate 1202 in the second or closed
position. In the closed position, the capture gate 1202 is closed onto and over the
charge connector 108 and the charging cable 102. In the closed position, the
operator cannot remove the engaged charge connector 108 of the charging cable
102, The capture gate 1202 captures the engaged charge connector 108 of the
charging cable 102. When the gate-position monitor detects that the capture gate

1202 is in the closed position, it generates a gate-closed indication.
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FIG. 13 shows the capture gate 1202 the first or open position. In
the open position, the capture gate 1202 does not block access to the charge
connector 108 and/or the charge-ports (e.g., HVDC charge-port 302). Indeed, the
capture gate 1202 is barely visible because it is recessed into the enclosure of the
BEV 104. In this open position, the operator may remove the engaged charge
connector 108 of the charging cable 102 without any hindrance. When the gate-
position monitor detects that the capture gate 1202 is in the open position, it
generates a gate-open indication.

While it is not shown, the capture gate 1202 has a third or
transition position in between the closed and open positions shown in FIGS. 12
and 13, respectively. In the transition position, the capture gate 1202 is
specifically transitioning from the closed position to the open position. Herein,
the transition position represents the capture gate 1202, having just been released
and now allowing for the operator to disengage the engaged charge connector
108 of the charging cable 102. When the gate-position monitor detects that the
capture gate 1202 is in the transition position, it generates a gate-release
indication.

FIG. 14 illustrates a schematic diagram of systems and
components of the BEV 104 that are relevant and suitable to the technology
described herein. FIG. 14 shows the following systems and components of the
BEV 104: The charge-port capture detection mechanism 400, a gate-position
monitor 406, the HVDC charge-port 302, a charging system 1404, a rechargeable
battery pack 1406, a safety system 1408, a traction system 1410, and an operator
interface 1412. FIG. 14 also shows the external HVDC power source 106 actively
charging the rechargeable battery pack 1406 of the BEV 104 via the charging
cable 102 and the engaged charge connector 108.

The rechargeable battery pack 1406 is externally charged by the
external HVDC power source 106 that is connected to the BEV 104 by one or
more charge connector 108 of the charging cable 102 engaged into the HVDC
charge-port 302. The HVDC charge-port 302 is configured for removable

connection with the charge connector 108 of the charging cable 102 from the
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external HVDC power source 106. That is, the HVDC charge-port 302 has a
receptacle to engage the charge connector 108 of the charging cable 102 from the
external HVDC power source 106.

The charging system 1404 manages the charging process. More
particularly, the charging system activates the internal charging process that
enables the rechargeable battery pack 1406 to be charged. In some instances, it
generates a signal to the external HVDC power source 106 to initiate the charging
process. Depending on the conditions (such as safety), the charging system may
engage or disengage the charging process.

The traction system 1410 includes the traction or locomotion
functional components of the BEV 104. That is, the traction system 1410 enable
or disables the ability of the BEV 104 to move or its equipment to operate.
Depending on the conditions (such as safety), the traction system 1410 allows,
for example, the wheels to turn and the BEV 104 to move and/or the engine to
operate. In other instances, for example, the traction system 1410 may, depending
on the conditions, may allow or disallow mechanical equipment of the BEV 104
to operate.

The operator interface 1412 presents information to the operator
304 and/or allows for the operator to provide input. The presented information
may be related to the present conditions and/or statuses of the BEV 104.
Examples of such conditions and statuses include safe, unsafe, traction enabled,
traction disabled, charging enabled, charging disabled, charging allowed,
charging not allowed, charge connector engaged, charge connector disengaged,
capture-gate closed, capture-gate open, HVDC charge-port cap on, and HVDC
charge-port cap off.

The safety system 1408 determines a present safety state of the
BEV 104. For example, when the capture gate is closed, and the charge connector
is engaged, the safety system 1408 determines that the safety state is safe. Thus,
the safety system 1408 may direct the charging system 1404 to activate the
internal charging process that enables the rechargeable battery pack 1406 to be
charged. If the present safety state is unsafe, the safety system 1408 may direct
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the charging system to deactivate the internal charging process and disable the
traction system 1410.

As depicted in FIG. 14, the safety system 1408 obtains a gate-
release indication from the gate-position monitor 406. The gate-release indication
indicates that the capture gate 402 of the charge-port capture detection
mechanism 400 has transitioned from the closed position (as shown in FIG. 6) to
the open position (as shown in FIG. 4). In other words, the gate-release indication
indicates that the capture gate 402 is in the transition position (as shown in FIG.
5). The gate-release indication may be, for example, a signal or a unique code
sent by the gate-position monitor 406 in response to the gate-position monitor
detecting that the capture gate 402 has moved from its closed position.

In response to the gate-release indication, the safety system 1408
disables or ceases the charging of the externally rechargeable battery pack 1406
via the HVDC charge-port 302 of the BEV 104. The safety system 1408 may
accomplish this by directing the charging system 1404 to disables or ceases the
charging process.

As depicted in FIG. 14, the safety system 1408 obtains a gate-open
indication from the gate-position monitor 406. The gate-open indication indicates
that the capture gate 402 of the charge-port capture detection mechanism 400 has
is in the open position (as shown in FIG. 4). The gate-open indication may be, for
example, a signal or a unique code sent by the gate-position monitor 406 in
response to the monitor detecting that the capture gate 402 is in the open position.

In response to the gate-open indication, the safety system 1408
disables or ceases the traction system 1410 of the BEV 104. The safety system
1408 may accomplish this by directing the traction system 1410 of the BEV 104
to stop functioning.

As depicted in FIG. 14, the safety system 1408 obtains a gate-
closed indication from the gate-position monitor 406. The gate-closed indication
indicates that the capture gate 402 of the charge-port capture detection
mechanism 400 has is in the closed position (as shown in FIG. 6). The gate-

closed indication may be, for example, a signal or a unique code sent by the gate-
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position monitor 406 in response to the monitor detecting that the capture gate
402 1s in the closed position.

In response to the gate-closed indication, the safety system 1408
enable or initiate the charging of the externally rechargeable battery pack 1406
via the HVDC charge-port 302 of the BEV 104. The safety system 1408 may
accomplish this by directing the charging system 1404 to enable or initiate the
charging process.

In addition, in response to the gate-closed indication, the safety
system 1408 may disable or cease the traction system 1410 of the BEV 104. The
safety system 1408 may accomplish this by directing the traction system 1410 of
the BEV 104 to stop functioning.

As depicted in FIG. 14, the safety system 1408 may obtain an
indication that the capture gate is in a second closed position from the gate-
position monitor 406. This indicates that the capture gate 402 of the charge-port
capture detection mechanism 400 has is in a second closed position (not shown).
This capture gate 402 is in this second closed position when the gate is closed
(like as shown in FIG. 6) over HVDC charge-port caps 110 over each HVDC
charge-port 302 rather than over engaged charge connector 108 of the charging
cable 102. No cables connected to the HVDC charge-ports 302 and the protective
HVDC charge-port caps 110 are covering them.

In this instance, this may be determined by an additional sensor to
detect the HVDC charge-port cap 110 being in place. This additional sensor may
detect the presence of the cap directly or a slightly different closed position of the
capture gate 402.

In response to the indication that the capture gate is in a second
closed position, the safety system 1408 may enable or initiate the traction system
1410 of the BEV 104 and disable or cease the charging of the externally
rechargeable battery pack 1406 via the HVDC charge-port 302 of the BEV 104.

The charging system 1404, safety system 1408, traction system
1410, and operator interface 1412 may be implemented by mechanisms, logic,

circuitry, electrical hardware, processors, electronic control module, engine
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control module, integrated circuitry, computer hardware, and/or firmware. In
some implementations, these systems may be implemented using a combination
of computer hardware and software (e.g., processor-executable instructions).

FIG. 15 is a flowchart that illustrates an example process 1500 that
facilitates the detection of the position of the capture gate 402 of the charge-port
capture detection mechanism 400 for the BEV 104. The detected position of the
capture gate indicates whether the operator will be physically hindered from
unplugging the engaged charge connector 108 of the charging cable 102 from the
HVDC charge-port 302.

The example process 1500 is illustrated as a collection of steps in
a logical flow diagram, which represents operations that can be implemented in
hardware, software, or a combination thereof. In the context of software, the steps
represent processor-executable instructions stored in memory. When such
instructions are executed by, for example, one or more processors, such
instructions may cause the charging system 1404, the safety system 1408, the
traction system 1410, and/or the operator interface 1412 to perform the recited
operations. Such processor-executable instructions may include routines,
programs, objects, components, data structures, and the like that perform
particular functions or implement particular abstract data types. The order in
which the operations are described is not intended to be construed as a limitation,
and any number of the described steps can be combined in any order and/or in
parallel to implement the process 1500.

At 1502, one or more processors obtain a gate-position indication
from the gate-position monitor 406. The gate-position indication is a signal or
message that indicates in which position that the capture gate 402 is.

At 1504, one or more processors determine which position that the
gate is in based on the gate-position indication received from the gate-position
monitor 406. The gate-position indication may be a gate-release indication 1506,
a gate-open indication 1508, a gate-closed indication 1510, or a gate-closed

indication 1510.
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The gate-release indication 1506 indicates that the capture gate
402 of the charge-port capture detection mechanism 400 has transitioned from the
closed position (as shown in FIG. 6) to the open position (as shown in FIG. 4). In
other words, the gate-release indication indicates that the capture gate 402 is in
the transition position (as shown in FIG. 5). The gate-position monitor 406 may
generate the gate-release indication 1506 when the closed-position sensor 712
does not sense the capture gate 402 and the open-position sensor 714 does not
sense the capture gate 402.

The gate-open indication 1508 indicates that the capture gate 402
of the charge-port capture detection mechanism 400 has is in the open position
(as shown in FIG. 4). The gate-position monitor 406 may generate the gate-open
indication 1508 when the closed-position sensor 712 does not sense the capture
gate 402 and the open-position sensor 714 does sense the capture gate 402.

The gate-closed indication 1510 indicates that the capture gate 402
of the charge-port capture detection mechanism 400 has is in the closed position
(as shown in FIG. 6). The gate-position monitor 406 may generate the gate-
closed indication 1510 when the closed-position sensor 712 does sense the
capture gate 402, and the open-position sensor 714 does not sense the capture
gate 402.

A gate-closed 2nd indication 1512 indicates that the capture gate
402 of the charge-port capture detection mechanism 400 has is in a second closed
position (not shown). This capture gate 402 is in this second closed position when
the gate is closed (like as shown in FIG. 6) over HVDC charge-port caps 110
over each HVDC charge-port 302 rather than over engaged charge connector 108
of the charging cable 102. No cables connected to the HVDC charge-ports 302
and the protective HVDC charge-port caps 110 are covering them.

At 1520, one or more processors enable the charging of the
externally rechargeable battery pack 1406 via the HVDC charge-port 302 of the
BEV 104 in response to a determination that the gate-closed indication 1510 was

received from the gate-position monitor 406. Thus, the gate-closed indication
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1510 is an example of an engagement indication from the gate-position monitor
406.

At 1522, one or more processors disable or stop the charging of
the externally rechargeable battery pack 1406 via the HVDC charge-port 302 of
the BEV 104 in response to a determination that the gate-open indication 1508 or
the gate-release indication 1506 was received from the gate-position monitor 406.
Thus, either gate-open indication 1508 or the gate-release indication 1506 are
examples of disengagement indications from the gate-position monitor 406.

At 1524, one or more processors enable or activate the traction
system 1410 of the BEV 104 in response to a determination that the gate-closed
2nd indication 1512 was received from the gate-position monitor 406. Thus, the
gate-closed 2nd indication 1512 is an example of an engagement indication from
the gate-position monitor 406.

At 1526, one or more processors disable or deactivate the traction
system 1410 of the BEV 104 in response to a determination that the gate-closed
indication 1510, gate-open indication 1508, or gate-closed 2nd indication 1512
was received from the gate-position monitor 406. Thus, either the gate-closed
indication 1510, the gate-open indication 1508, and the gate-closed 2nd
indication 1512 are examples of disengagement indications from the gate-
position monitor 406.

At 1528, one or more processors presents, via the operator
interface1412, a status report to the operator 304. This status report may indicate
the present status of the traction system 1410, charging system 1404, and/or the
position of the capture gate 402. For example, the status report may appear as a
pop-up notification on a display screen of the BEV 104 to inform the operator
that a charge of the rechargeable battery pack 1406 is prevented due to the
capture gate 402 being open.

Note that the order in which the processes are described with
respect to FIG. 15 is not intended to be construed as a limitation, and any number
of the described process blocks can be combined in any order to implement the

processes or an alternate process. Additionally, individual blocks may be deleted
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from the processes without departing from the spirit and scope of the subject
matter described herein.

FIG. 16 shows an example computer architecture for a computer
1600 capable of executing program components for implementing the
functionality described above. The computer architecture shown in FIG. 16
illustrates a conventional computer system, workstation, desktop computer,
electronic control module, engine control module, laptop, tablet, network
appliance, e-reader, smartphone, or another computing device, and can be utilized
to execute any of the functionalities presented herein.

The computer 1600 includes a motherboard 1602, which is a
printed circuit board to which a multitude of components or devices can be
connected by way of a system bus or other electrical communication paths. In
one illustrative configuration, one or more processors (“processor(s)’) 1604
operate in conjunction with a chipset 1606. The processor(s) 1604 can be
standard programmable processors that perform arithmetic and logical operations
necessary for the operation of the computer 1600.

The processor(s) 1604 perform operations by transitioning from
one discrete, physical state to the next through the manipulation of switching
elements that differentiate between and change these states. Switching elements
generally include electronic circuits that maintain one of two binary states, such
as flip-flops, and electronic circuits that provide an output state based on the
logical combination of the states of one or more other switching elements, such
as logic gates. These basic switching elements can be combined to create more
complex logic circuits, including registers, adders-subtractors, arithmetic logic
units, floating-point units, and the like.

The chipset 1606 provides an interface between the processor(s)
1604 and the remainder of the components and devices on the motherboard 1602.
The chipset 1606 can provide an interface to a RAM 1608, used as the main
memory in the computer 1600. The chipset 1606 can further provide an interface
to a computer-readable storage medium such as read-only memory ("ROM")

1610 or non-volatile RAM ("NVRAM") for storing basic routines that help to
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startup the computer 1600 and to transfer information between the various
components and devices. The ROM 1610 or NVRAM can also store other
software components necessary for the operation of the computer 1600 in
accordance with the configurations described herein.

The computer 1600 can operate in a networked environment using
logical connections to remote computing devices and computer systems through a
network, such as the network 1624. The chipset 1606 can include functionality
for providing network connectivity through a communications controller 1612,
such as a gigabit Ethernet adapter. The communications controller 1612is capable
of connecting the computer 1600 to other computing devices over the network
1624,

The computer 1600 can be connected to a storage device 1618 that
provides non-volatile storage for the computer. The storage device 1618 can store
an operating system 1620, programs 1622, and data. The programs 1622 may
include processor-executable instructions that when executed by, for example, the
processor(s) 1604, such instructions may cause the charging system 1404, the
safety system 1408, the traction system 1410, and/or the operator interface 1412
to perform the recited operations of process 1500.

The storage device 1618 can be connected to the computer 1600
through a storage controller 1614 connected to the chipset 1606. The storage
device 1618 can consist of one or more physical storage units. The storage
controller 1614 can interface with the physical storage units through a serial
attached SCSI ("SAS") interface, a serial advanced technology attachment
("SATA") interface, a fiber channel ("FC") interface, or other types of interface
for physically connecting and transferring data between computers and physical
storage units.

The computer 1600 can store data on the storage device 1618 by
transforming the physical state of the physical storage units to reflect the
information being stored. The specific transformation of physical state can
depend on various factors, in different embodiments of this description.

Examples of such factors can include, but are not limited to, the technology used
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to implement the physical storage units, whether the storage device 1618 is
characterized as primary or secondary storage, and the like.

For example, the computer 1600 can store information to the
storage device 1618 by issuing instructions through the storage controller 1614 to
alter the magnetic characteristics of a particular location within a magnetic disk
drive unit, the reflective or refractive characteristics of a particular location in an
optical storage unit, or the electrical characteristics of a particular capacitor,
transistor, or other discrete components in a solid-state storage unit. Other
transformations of physical media are possible without departing from the scope
and spirit of the present description, with the foregoing examples provided only
to facilitate this description. The computer 1600 can further read information
from the storage device 1618 by detecting the physical states or characteristics of
one or more particular locations within the physical storage units.

In addition to the storage device 1618 described above, the
computer 1600 can have access to other computer-readable storage media to store
and retrieve information, such as program modules, data structures, or other data.
It should be appreciated by those skilled in the art that computer-readable storage
media is any available media that provides for the non-transitory storage of data,
and that can be accessed by the computer 1600.

By way of example, and not limitation, computer-readable storage
media can include volatile and non-volatile, removable and non-removable media
implemented in any method or technology. Computer-readable storage media
includes, but is not limited to, RAM, ROM, erasable programmable ROM
("EPROM"), electrically-erasable programmable ROM ("EEPROM"), flash
memory or other solid-state memory technology, compact disc ROM ("CD-
ROM"), digital versatile disk ("DVD"), high definition DVD ("HD-DVD"),
BLU-RAY, or other optical storage, magnetic cassettes, magnetic tape, magnetic
disk storage or other magnetic storage devices, or any other medium that can be
used to store the desired information in a non-transitory fashion.

As mentioned briefly above, the storage device 1618 can store an

operating system 1620 utilized to control the operation of the computer 1600.
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According to one embodiment, the operating system comprises the LINUX
operating system. According to another embodiment, the operating system
comprises the WINDOWS® SERVER operating system from MICROSOFT
Corporation of Redmond, Washington. According to further embodiments, the
operating system can comprise the UNIX operating system or one of its variants.
It should be appreciated that other operating systems can also be utilized. The
storage device 1618 can store other system or application programs and data
utilized by the computer 1600.

In one embodiment, the storage device 1618 or other computer-
readable storage media is encoded with processor-executable instructions which,
when loaded into the computer 1600, transform the computer from a general-
purpose computing system into a special-purpose computer capable of
implementing the embodiments described herein. These processor-executable
instructions transform the computer 1600 by specifying how the processor(s)
1604 transition between states, as described above. According to one
embodiment, the computer 1600 has access to computer-readable storage media
storing processor-executable instructions which, when executed by the computer
1600, perform the process described above with regard to FIG. 15. The computer
1600 can also include computer-readable storage media having instructions
stored thereupon for performing any of the other computer-implemented
operations described herein.

The computer 1600 can also include one or more input/output
controllers 1616 for receiving and processing input from several input devices,
such as a keyboard, a mouse, a touchpad, a touch screen, an electronic stylus, or
other types of input devices. Similarly, an input/output controller 1616 can
provide output to a display, such as a computer monitor, a flat-panel display, a
digital projector, a printer, or other types of output devices. It will be appreciated
that the computer 1600 might not include all of the components shown in FIG.
16, can include other components that are not explicitly shown in FIG. 16, or

might utilize an architecture completely different than that shown in FIG. 16.
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While aspects of the present disclosure have been particularly
shown and described with reference to the embodiments above, it will be
understood by those skilled in the art that various additional embodiments may be
contemplated by the modification of the disclosed machines, systems and
methods without departing from the spirit and scope of what is disclosed. Such
embodiments should be understood to fall within the scope of the present

disclosure as determined based upon the claims and any equivalents thereof.

Industrial Applicability

With the techniques described herein, the operator 304 is hindered
from unplugging the charge connector 108 of the charging cable 102 when that
charge connector is engaged in the HVDC charge-port 302 of the BEV 104. The
capture gate 402 of the charge-port capture detection mechanism 400 may be
position into the closed position or the open position. In the closed position, the
capture gate 402 is configured to capture the charge connector 108 engaged in the
HVDC charge-port 302, thereby prohibiting removal of the charge connector 108
from the HVDC charge-port 302. In the open position, the capture gate 402 is
configured to remain free from the charge connector 108 engaged in the HVDC
charge-port 302, thereby permitting removal of the charge connector 108 from
the HVDC charge-port 302. The gate-position monitor 406 detects the position of
the capture gate 402 of the charge-port capture detection mechanism 400.

When the operator 304 moves the capture gate 402 of the charge-
port capture detection mechanism 400 from the closed position, the gate-position
monitor 406 sends an appropriate signal to indicate that charging of the
rechargeable battery pack 1406 should cease. The charging stops before the
operator 304 can physically unplug the charge connector 108 from the HVDC
charge-port 302.

The HV power in the charge connector 108 will end before the
operation 304 physically detaches the charge connector 108. Because of that,

there is no danger of damage to the operator 304 or the equipment.
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Claims

1. A charge-port (302) capture detection mechanism (400)
comprising:

a mounting base (404), the mounting base (404) being connectable
to a battery electric vehicle (BEV) (400) at a location adjacent to a high-voltage,
direct current (HVDC) charge-port (302); and

a capture gate (402) movably attached to the mounting base (404),
the capture gate (402) being moveable, relative to the mounting base (404),
between a closed position in which the capture gate (402) captures a charge
connector (108) of a charging cable (102) engaged in the HVDC charge-port
(302) and an open position.

2. The charge-port (302) capture detection mechanism (400)
of claim 1 further comprising a movable attachment (720) that movably attaches
the capture gate (402) to the mounting base (404), wherein the movable
attachment (720) biases the capture gate (402) in the closed position against the
charge connector (108) engaged in the HVDC charge-port (302).

3. The charge-port (302) capture detection mechanism (400)
of claim 1 or 2, further comprising a gate-position monitor (406) that detects a

present position of the capture gate (402).

4. The charge-port (302) capture detection mechanism (400)
of claim 3, wherein the gate-position monitor (406) indicates engagement of the
charge connector (108) of the charging cable (102) in response to the gate-
position monitor (406) detecting the present position of the capture gate (402)

being closed.

5. A battery electric vehicle (BEV) (400) comprising:
an externally rechargeable battery pack (1406);
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a high-voltage, direct current (HVDC) charge-port (302) with a
receptacle to engage a charge connector (108) of a charging cable (102) from an
external HVDC power source; and

a charge-port (302) capture detection mechanism (400) including:

a mounting base (404), the mounting base (404) being connectable
to a BEV (400) at a location adjacent to the HVDC charge-port (302); and

a capture gate (402) movably attached to the mounting base (404),
the capture gate (402) being moveable, relative to the mounting base (404),
between a closed position, in which the capture gate (402) is configured to
capture the charge connector (108) engaged in the HVDC charge-port (302),
thereby prohibiting removal of the charge connector (108) from the HVDC
charge-port (302), and an open position, in which the capture gate (402) is
configured to remain free from the charge connector (108) engaged in the HVDC
charge-port (302), thereby permitting removal of the charge connector (108) from
the HVDC charge-port (302).

6. The BEV (400) of claim 5 further comprising a movable
attachment (720) that movably attaches the capture gate (402) to the mounting
base (404), wherein the movable attachment (720) biases the capture gate (402)
in the closed position against the charge connector (108) engaged in the HVDC
charge-port (302).

7. The BEV (400) of claim 5 or 6, wherein the charge-port
(302) capture detection mechanism (400) includes further comprising a gate-

position monitor (406) that detects a present position of the capture gate (402).

8. A method (1500) comprising:

obtaining (1502) a gate-release indication (1506) that a capture
gate (402) has transitioned from a closed position to an open position, wherein in
a closed position, in which the capture gate (402) is configured to capture a

charge connector (108) engaged in an HVDC charge-port (302) of a battery
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electric vehicle (BEV) (400), thereby prohibiting removal of the charge connector
(108) from the HVDC charge-port (302), and an open position, in which the
capture gate (402) is configured to remain free from the charge connector (108)
engaged in the HVDC charge-port (302), thereby permitting removal of the
charge connector (108) from the HVDC charge-port (302); and

in response to the gate-release indication (15006), disabling (1522)
charging of an externally rechargeable battery pack (1406) via the HVDC charge-
port (302) of the BEV (400).

9. The method (1500) of claim 8 further comprising:

obtaining (1502) a gate-open indication (1508) that the capture
gate (402) is in the open position; and

in response to the gate-open indication (1508), disabling (1526) a
traction system (1410) of the BEV (400).

10. The method (1500) of claim 8 or 9 further comprising:

obtaining (1502) a gate-closed indication (1510) that the capture
gate (402) is in the closed position; and

in response to the gate-closed indication (1510), enabling (1520)
charging of the externally rechargeable battery pack (1406) via the HVDC
charge-port (302) of the BEV (400).
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Group I: Claims 1-7 are directed to a mounting system.
Group II: Claims 8-10 are directed to a method of cﬁargingA

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:
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claims.
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3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

.

4. % No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by claims Nos.:
1-7

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.
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Special Technical Features
Group | includes the special technical feature of a mounting base, the mounting base being connectable, not included in the other

groups.

Group Il includes the special technical feature of, in response 1o the gate-release |nd|cat|on disabling charging of an externally
rechargeable battery pack, not included in the other groups.

COMMON TECHNICAL FEATURES

The only technical feature shared by Groups -1l that would otherwise unify the groups is, a battery electric vehicle (BEV), a high-voitage,
direct current (HVDC) charge-port, a capture gate, the capture gate being moveable, between a closed position, in which the capture
gate is configured to capture the charge connector engaged in the HVDC charge-port, thereby prohibiting removal of the charge
connector from the HVDC charge-port, and an open position, in which the capture gate is configured to remain free from the charge
connector engaged in the HVDC charge-port, thereby permitting removal of the charge connector from the HVDC charge-port. However,
this shared technical feature does not represent a contribution over the prior art, because the shared technical feature is disclosed by
US 2013/0130525 A1 to Hachadorian in view of CN 110061626 A to Electric Power Research Institute State Grid Chongging Electric
Power Co Ltd. (hereinafter Chongqing).

Hachadorian discloses an electric vehicle (para [0043]- The socket 1 shown in FIG. 1 is used to connect a plug 2, which is shown in FIG.
4. The socket 1 is typically installed in the external region of a motor vehicle and is used to connect trailers or other types of electric
consumers to the electric circuit of the motor vehicle), a charge-port (para [0043]- The socket 1 shown in FIG. 1 is used to connect a
plug 2, which is shown in FIG. 4), a capture gate (Fig. 1, element 9; para [0045)- To this end, the hold-closed mechanism 7 comprises a
locking clamp 8 having two arms 9), the capture gate being moveable, between a closed position, in which the capture gate is
configured to capture the charge connector engaged in the charge-port, thereby prohibiting removal of the charge connector from the
charge-port (para [0050)- Therefore, the locking clamp 8 can be folded back in the direction of the plug-receiving opening such that the
arms 9 lie on the flange-type projection 16 and also apply an additional holding force onto the plug 2 in the state in which said plug is
inserted into the socket 1. This is illustrated in FIG. 5), and an open pasition, in which the capture gate is configured to remain free from
the charge connector engaged in the charge-port, thereby permitting removal of the charge connector from the charge-port (para [0047}-
The locking clamp 8 comprising the two arms 9 is shown in an open position. Since the locking clamp 8 is not preloaded in the direction
of the open position thereof nor in the direction of the closed position thereof, the locking clamp 8 remains in the position shown in FIG. 2
after opening; para [0050)- FIG. 4 schematically depicts a plug 2, which is plugged into the socket 1 and comprises a flange-type
projection 16 at a position corresponding to the pressing surfaces 10 of the cover 6). Hachadorian fails to disciose, a battery electric
vehicle (BEV), a high-voltage, direct current (HVDC) charge-port.

Chongging, drawn to charging systems, discloses, a battery electric vehicle (BEV) ((machine translation) Pg. 5- The input stage is
connected diractly 10KV bus, in the conventional MMC MMC sub-module on the basis of bidirectional isolation DC / DC converter as a
charging machine through internally connected to electric cars, realized by controlling the power grid and the inner sub-module two-way
flow of power between electric vehicle battery), a high-voltage, direct current (HVDC) charge-port ((machine translation) Pg. 1- The
present invention relates to the field of electric vehicle charging equipment, particularly relates to a two-way high-voitage DC bus
charging station; Pg. 4- Each charging machine module group in each charging machine module input port in series, each of the
charging machine module output port connected with the electric car; Each phase of the input port is connected through the inductor and
high-voltage AC port, an output port connected to high voltage DC port). It would have been obvious to one having ordinary skill in the
art to combine the HVDC port of Chongging with the charge port of Hachadorian to improve the charging power of the connsction (see
Chongging, (machine translation) Pg. - In order to solve the various problems exist in the prior ant, the present invention provides a high
voltage DC bus charging station. Currently, MMC is mainly used in the field of flexible HVDC, in engineering, advantages and exhibit a
very high value, its main feature is the high power level, the power flow in both directions, modular, and achieve large-scale electric
vehicle charging and discharging the required indicators goodness of fit is extremely high).

As the common features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups |-l lack unity under PCT Rule 13.
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