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AIRPORT ELECTRIC VEHICLE CHARGING SYSTEM

CROSS-REFERENCES TO RELATED APPLICATIONS
This application clatms the benefit of US. Provisional Application No. 62/841.085,
filed Apnil 30, 2019, the disclosures of which are expressly incorporated hercin by

reference in their entirety.

BACKGROUND

Intiatives underway in various countrics are driving clectrification of equipment
used in airports. Government subsidies, greater awareness about improving air quality,
"green” initiative grants, advancements in battery technology, laws in certain jurisdictions
requiting reduction or elimination of diesel or gas powered engines, and/or the like support
transitioning to use of electric powered equipment (e.g., loaders, baggage tractors, aireraft
towers, etc.} in airports.

Although there are clear advantages to converting to electric power from diesel,
gas, or similar power sources, the transition is not without difficultv. Among other things,
existing clectric charging systems may not be directly deployable in airport environments
due to power requirements and regulations specific to airports. Installing electric charging
systems in airports may involve high construction costs, high instailation costs, and/or
significant changes may be required to existing mfrastracture.

Accordingly, it would be beneficial to have electric charging systems deployable in
airports having low installation costs, minumal impact on existing infrastructure, without
negative impact to existing systems and requirements, have flexibility to handle a variety
of electric powered equipment, and/or the like.

SUMMARY

This summary is provided to introduce a selection of concepts in a simplified form
that are further described below n the Detailed Descniption. This summary is not intended
to identify key featores of the claimed subject matter, nor is 1t intended to be used as an aid
in determining the scope of the claimed subject matter.

in some cmbodiments, an airport electric vehicle charging system includes a current
transducer electrically coupled with a power source; a solid state converter electrically
coupleable with an atrcraft at or near an airport gate and configured to provide and maintain

power, from the power source, to the aircraft at a power level requested by the aireraft; and
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a controller. The system further includes a first feedback loop between the controller and
the current transducer; a second feedback loop between the controller and the solid state
converter; and a battery charger electrically coupled with the power source and configured
to charge one or more electric vehicles. The first feedback loop provides a first feedback
signal generated by the current transducer to the controller. The second feedback loop
provides a second fecdback signal generated by the solid state converter to the controller.
The battery charger is configured to consume power from the power source in accordance
with the first and second feedback signals.

In some embodiments, an airport electnic vehicle charging svstem includes a solid
state converter electrically couapleable with an aircraft at or near an arport gate and
configured to provide and maintain power, from a power source, to the aircraft at a power
level requested by the aircraft; a load sharing controlier electrically coupled between the
power source and the solid state converter; and a battery charger clectrically coupled with
the load sharing controller. The system firther mchudes a vehicle charger configured to
charge one or more electric vehicles at or ncar the airport gate; and a battery bank
comprising one or more batterics electrically coupled between the batterv charger and the
vehicle charger. The solid state converter provides a feedback signal indicative of power
consumption by the aircraft to the load sharmg controller. The load shaning controller is
configured to determine a control signal indicative of a maximum excess available power
level for the battery charger based on at least the feedback signal. The battery charger is
configured to limit power consumption from the power source m accordance with the
control signal.

In some embodiments, an airport clectric vehicle charging system includes: a
current transducer directly electrically coupled with a power source; a solid state converter
clectrically coupleable with an aircraft at or near an airport gate and configured to provide
and maintaim power, from the power source, to the aircraft at a power level requested by
the aircraft; a controller outside of a direct electrical path from the power source 1o the
current transdacer; and a battery charger electrically coupled with the power source and
configured to charge one or more electric vehicles.

In an embodiment, the solid state converter is configured to consume power from
the power source based on: a first feedback loop between the controller and the current
transducer, where the first feedback loop provides a first feedback signal generated by the

current transducer to the controller; and a second feedback loop between the controller and
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the solid state converter. The second feedback loop provides a second feedback signal
generated by the solid state converter to the controller.

in an embodiment, the airport ¢lectric vehicle charging system also includes: a
battery bank having one or more batterics electrically coupled with the batterv charger, a
tocal battery charging line coupling the battery bank and the battery charger, the local
battery charging line being configured for receiving power from the battery charger, and a
focal battery supply line coupling the battery bank and the battery charger. The local battery
supply line ts configured for providing power to the battery charger. The battery bank 1s
configured to receive power from and provide power to the battery charger based on at
least one of a battery monitor and identification device (BMID) charge conirol signal
generated by the local battery bank and a maximmum available excess power signal

generated by the controller.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated as the same become better understood by reference to the
following detaled description, when taken in conjunction with the accompanying
drawings, wherein:

FIGURE 1 is an example iHlustration of an electric vehicle charging system installed
in an airport in accordance with some embodiments of the present disclosure.

FIGURE 2 is an example illustration of a block diagram of the system in accordance
with some embodiments of the present disclosure.

FIGURE 3 is an example llustration showing additional details of a load sharing
controller in accordance with some embodiments of the present disclosure.

FIGURE 4 is an example illustration of a block diagram of the system in accordance

with some embodiments of the present disclosure.

DETAILED DESCRIPTION
Embodiments of apparatuses and methods relate to electric vehicle charging in
airports. In some embodiments, an airport electric vehicle charging system includes a
current transducer electrically coupled with a power source; a solid state converter
electrically coupleable with an aircraft at or near an atrport gate and configured to provide

and mamtain power, from the power source, to the aircraft at a power level requested by
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the aircraft; a controller; a first feedback loop between the controller and the current
transducer; a second feedback loop between the controlier and the solid state converter;
and a batterv charger electrically coupled with the power source and configured to charge
one or more clectric vehicles. The first feedback loop provides a first feedback signal
generated by the current transducer to the controller. The second feedback loop provides
a second feedback signal generated by the sohd state converter to the controller. The
battery charger is configured to consume power from the power source in accordance with
the first and second feedback signals. These and other aspects of the present disclosure
will be more fully described below,

While the concepts of the present disclosure are susceptible to various
maodifications and alternative forms, specific embodiments thereof have been shown by
way of cxample n the drawings and will be described hercin in detail. I should be
understood, however, that there s no intent to linmit the coneepts of the present disclosure
to the particalar forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives consistent with the present disclosure and the

appended claims.

Hwon o

References in the specification to "one embodiment," "an embodiment," "an
illustrative embodiment,” etc., ndicate that the embodiment described may include a
particular feature, structure, or characteristic, but every embodiment may or may not
necessanily include that particular feature, structure, or characteristic. Moreover, such
phrases arc not necessarily referring to the same embodiment. Further, when a particular
feature, structure, or characteristic 15 deseribed in connection with an embodiment, 11 is
submitted that it is within the knowledge of one skilled in the art to affect such feature,
structure, or characteristic in connection with other embodiments whether or not explicitly
described. Additionally, it should be appreciated that items ncluded in a list in the form
of "at least one A, B, and C" can mean {A}); (B); (C); (A and B); (B and C); {A and C};
or (A, B, and ). Similarly, items histed in the form of "at feast one of A, B, or C" can
mean (A}, (B (O {Aand By, (Band C, (A and C); or (A, B, and C}.

Language such as "top surface”, "bottom surface", "vertical", "horizontal”, and
"lateral” m the present disclosure is meant to provide orientation for the reader with
reference to the drawings and is not intended to be the reguired orientation of the

components or to impart orientation limitations into the claims.
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In the drawings, some structural or method features may be shown i specific
arrangements and/or orderings. However, it should be appreciated that such specific
arrangements and/or orderings may not be required. Rather, i some embodiments, such
features may be arranged in a difforent manner and/or order than shown in the lustrative
figures. Additionally, the inclusion of a structural or method feature in a particular figure
is not meant to imply that such feature is required in all embodiments and, in some
embodiments, it may not be included or may be combined with other features.

Many embodiments of the technology described hercin may take the form of
computer- or confroller-exccutable instructions, including routines exccuted by a
programmable computer or controller. Those skilled in the relevant art will appreciate that
the technology can be practiced on computer/controller systems other than those shown
and described above. The technology can be embodied in a special-purpose computer,
controller or data processor that is specifically programmed, configured or constructed to
perform one or more of the computer-executable instructions described above.
Accordingly, the terms "computer” and "controller” as generally used herein refer to any
data processor and can include Internet apphances and hand-held devices (including palm-
top compuiers, wearable computers, cellular or mobile phones, multi-processor systems,
processor-based or programmable consumer electronics, network computers, mim
computers and the bike). Information handled by these computers can be presented at any
suitable display medium, including an organic light emitting diode (OLED} display or
higuid crystal display (LCD).

FIGURE | is an example illustration of an electric vehicle charging svstem 100
installed in an airport in accordance with some embodiments of the present disclosure.
System 100 is located near a ramp or gate rotunda 102 to use pre-existing power
infrastructure available for the passenger boarding bridge 104 and/or aircrafts (not shown)
located proximate to the gates. For instance, without himitation, system 100 can be installed
at or near the rotunda column.

Svstem 100 is configured to load share power with an aircraft and charge one or
more electric vehicles, ground support equipment {GSEs), and/or the like (collectively
referred to as electric GSEs 110} using an existing power foed traditionally available at the
gate rotunda 102 for providing electric power to the aircraft. Use of the existing power
feed climinates the need to install additional power feeds to charge the electric GSEs 110,

System 100 eliminates the need to nstall additional power feeds, while still satisfying all

-

PCT/US2020/030611



10

25

30

WO 2020/223432

the power needs of the aircraft, and providing localized and potentially even simultancons
fast charging of a plurality of electric GSEs. Electric GSEs 110 can include, without
limitation, baggage tractors, belt loaders, pushback tractors, cargo loaders, catering trucks,
fuel service vehicles, electric powered transport equipment used in airports, and/or the like,

FIGURE 2 is an example illustration of a block diagram of the system 100 in
accordance with some embodiments of the present disclosure. System 100 includes aload
sharing controller 206, a solid state converter 212, a battery charger 216, a local battery
bank 218, and a direct current (DC)-DC battery charger 220. The output of an existing
power feed 202 is the mput to the load sharing controller 206, The toad sharing controller
206 1s electrically coupled between the existing power feed 202 and the solid state converter
212, The load sharing controller 206 is also electrically coupled between the cxisting
power feed 202 and the battery charger 216, The local battery bank 218 1s electncally
coupled between the battery charger 216 and the DC-DC battery charger 220. The output
of solid state converter 212 is the input to an aireraft 2 14 located at or near the gate rotunda
102. The output of DC-DC battery charger 220 comprises the input to each of one or more
clectric GSEs 222,

Solid state converter 212 comprises an aircraft powering branch of system 100
Battery charger 216, local battery bank 218, and DC-DC battery charger 220 comprise an
electric GSE charging branch of system 100.

The existing power feed 202 is located at the gate, gate rotunda, or airport building.
For example, a power box 106 mounted on a rotunda column (sce FIGURE 1) may
comprise the power output point of the existing power feed 202, In an embodiment,
existing power feed 202 and power box 106 comprise pre-existing power infrastructure at
the gate rotunda 102, The output of existing power feed 202 comprises an alternating
current (AC) current or voltage (e.z., at a frequency of 50 Hertz (Hz), 60 Hz, 400 He, cte ).
The maximum output power available from the existing power feed 202 can be
approximately 125 Amps {A), less than 125 A, more than 125 A, and/or the like. As will
be described in detail below, system 100 is configared to draw a certain amount of power
from the existing power feed 202, drawing up to the maximum output power available from
the cxisting power feed 202, Existing power feed 202 may also be referred to as gate
power source, airport building power source, atrport gate rotunda power source, AC power

souree, power source, and/or the like.
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In an embodiment, load sharing controlier 206 is configured to control load sharing
between the aircraft powering branch and the electric GSE charging branch of system 100.
L.oad sharing controller 206 monitors and manages the distribution/sharing of power from
the existing power feed 202 to one or both of the solid state converter 212 and battery
charger 216. The load sharing controller 206 has one power input (from the existing power
feed 202) and two power outputs - a first power cuiput that is the input to the solid state
converter 212 and a second cutput that is the input to the battery charger 216. Load sharing
controller 206 includes a current transducer 204, a controller 208, and an interface unit 210,

Current transducer 204 1s electrically coupled with the existing power feed 202,
For example, current transducer 204 can be electrically coupled with a power output
connector of the power box 106, Current transducer 204 is configured to measure the
power drawn from the existing power feed 202 and continuously detects/monitors the
amount of power flowing to the load sharing controller 206 (e.g., the power being
consamed by system 100). The current transducer 204 generates a voltage signal that is
proportional to the total amount of current flowing to the load sharing controller 206 in
response to the detection. For example, 100 A current flowing to load sharing controller
206 generates a 10 Volt (V) signal by the current transducer 204, The signal generated by
the current transducer 204 indicative of the amount of current flowing to the load sharing
controller 206 1s communicated to controller 208 included in the load sharing controller
206 via a communication line 230. The signal indicative of the amount of current flowing
to the load sharing controller 206 may also be referred to as a current feedback and the
communication line 230 may also be referred 1o as a current feedback loop.

Controller 208 comprises a computer, computing device, processor, and/or the like.
Imterface unit 210, also referred to as a human machine interface (HMI}, comprises a
display capable of presenting information to users and one or more mechanisms capable of
recetving user inputs. Interface unit 210 1s in communication with the controller 208. Load
sharing controlier 206 may also be referred to as LSC.

Solid state converter 212 is configured to convert power from the existing power
feed 202 into a format, as needed, suitable for an aircraft 214 plugged in and requesting
power {e.g., provide atrcrafi-compatible power to atrcraft 214). Adrcraft 214 can comprise
any of a variety of aircraft types, models, and/or configurations. For example, power from
the existing power feed 202 comprises AC current at 60 Hz while aireraft 214 requires AC

current at 400 Hz. Thus, solid state converter 212 converts the incoming power and outputs
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power at 400 Hz to the aircraft 214, As another example, power from the existing power
feed 202 comprises AC current at 400 Hz so solid state converter 212 may not be needed
or may be replaced with a gate box and the 400 Hz power can be outputted to atreraft 214,

Solid state converter 212 also continuously monitors one or more parameters
associated with power being consumed bv the aircraft 214 such as, but not imited 1o,
voltage, current, and frequency, quantity of aircraft power consumption, quality of aircraft
power consumption, and/or the like. Solid state converter 212 may also track other power
consumption state information about aircraft 214, For example, the amount of time atreraft
214 has been plugged in and requesting power may be tracked, power consumption as a
function of time by aircraft 214 that may correlate to known power consumption cycles or
trends {¢.g., power consumption is high in initial time periods, then is reduced by half in
intermediate time periods, then increases in the end time peniods, etc.). and/or the like. One
or more of such monitored power parameters as well as other tracked aircraft associated
information {collectively referred to as aircraft power data or aircraft power feedback) are
provided from the solid state converter 212 to controlier 208 included in the load sharing
controller 206 via a communication line 232, Communication line 232 forms an aurcraft
power feedback loop.

Battery charger 216 1s configured to draw power from existing power feed 202 in
accordance with a control signal provided on a communication line 234 from the controller
208 included in the load sharing controller 206, as will be descrnibed in detail below. Battery
charger 216 is configured for variable charging power imit. Battery charger 216 converts
the received AC power into DC power, which in turmn is provided to local battery bank 216,

Local battery bank 218 15 configured to store energy provided by battery charger
216, Local battery bank 218 permits power not used by aircraft 214 to be stored so that
clectric GSEs 222 can be charged whether or not sufficient power is presently available
from the existing power feed 202 and/or aircraft 214 is consuming power from the existing
power feed 202, Local battery bank 218 is opportanistically charged from excess power
available at the existing power feed 202 (e.g., power not needed by aircraft 214).

Local battery bank 218 comprises one or more battery packs that are scalable to
match anticipated clectric GSE charging load. whether that s based on the anticipated
number of electric GSEs to be charged, the particular charging requirements of the electric
(5Es to be charged, full or partial charging is to be performed, and/or the like. Local

battery bank 218 may comprise a variety of battery types (e.g.., lithium ion batteries, lead

8-

PCT/US2020/030611



10

25

30

WO 2020/223432

acid batteries, etc.), a vanety of external packaging (e.g., packaged for cutdoor use,
packaged as a single component or multiple components), and/or the like since there is
little or no size or weight constraints for fixed mstallations.

in an embodiment, local battery bank 218 is sized to be able to simultancously
charge a plurality of clectric GSEs 222 plugged in at all charging poris and cven
simultaneously fast charge the plurality of electric GSEs 222, In some embodiments, focal
battery bank 218 generates and provides a battery charge control signal to battery charger
216 via a communications line 236. The battery charge countrol signal comprises a battery
monitor and 1dentification device (BMID) charge control signal that identifies the type(s)
of battenies included tm the local battery bank 218, amount of power desired for charging
at the present time, preferred battery charging rate, and/or the like {collectively referred to
as charging requirements associated with the batteries of the local battery bank 218).
Battery charger 216 can mtelligently charge the local battery bank 218 based on such real-
time {or near real-time) battery charge control signal.

Local battery bank 218 can be further configured to generate and provide battery
state information to interface umit 210 via a commumications line 238, Battery state
information can include mformation about available battery power level at the local battery
bank 218 for vehicle GSE charging, discharge rate of local battery bank 218, whether the
local battery bank 218 1s being charged, other state information about the local battery bank
218, and/or the like.

Local battery bank 218 outputs stored energy {e.g.. DC current) to DC-DC battery
charger 220 in accordance with the electric GSE(s) 222 to be charged. DC-DC battery
charger 220 comprises a vehicle battery charger for the electric GSEs 222 and may also be
referred to as a vehicle charger, BC-DC vehicle charger, or the ike. DC-DC battery
charger 220 1s configured to provide an appropriate DC current level to cach of the electric
GSEs 222 being charged. Since the input to DC-DC battery charger 220 15 DC power, an
AC-DC rectifier or other AC to DC conversion component(s) can be omitted, disabled, or
bypassed in the BC-DC battery charger 220.

DC-DC battery charger 220 is capable of pulling a large load from the local battery
bank 218 that cxceeds the maximum power capacity of the existing power feed 202, For
example, the total power load required to simultancously charge a plurality of vehicle GSEs
222, simultaneously fast charge a plarality of vehicle GSEs 222 fast charge one or more

vehicle G8Es 222, and/or the like can be greater than what can be provided from the

-9

PCT/US2020/030611



10

30

WO 2020/223432

existing power feed 202, even 1f aircraft 214 15 not drawing any power or there 18 no aircraft
plugged into the svstem 100, Because the local battery bank 218 has sufficient storage
capacity to provide high current loads, DC-DC battery charger 220 can draw power from
the local batterv bank 218 that exceeds the rotunda's/building's nominal power feed
capactty.

DC-DC battery charger 220 1s further configured to generate and provide electric
GSE charging state information to interface uvait 1210 via a communication line 242.
Electric GSE charging state information can include the amount of power consumed during
charging, the tvpe of charging {(c.g., fast charging or regular charging), identification of
vehicle GSEs undergoing charging, historical record of previous charging sessions, other
state information about the DC-DC battery charger 220, and/or the like.

In some embodunents, the mterface unit 210 is further configured to receive an
mterface signal {also referred to as a HMI signal) from controller 208 via a communication
line 240, The interface signal provides operational parameters about the system 100 such
as, but not limited to, amount of power consumption by aircraft 214, amount of power
consumption by battery charger 216, and/or the like. Interface unit 210 displays at least a
portion of the received battery state mformation, clectric GSE charging state information,
and content of the mterface signal and/or uses such mformation to generate other
information to present to users. In response to the displayed information, a user {e.g., an
arrport ground crew member) may change certain operational parameters, input operational
preferences, fine tune operation of system 100, gain knowledge about electric GSE
charging, and/or the like by interfacing with interface unit 210,

Electric GSEs 222 are similar to electric GSEs 110, In some embodiments, a battery
charge control signal similar to that generated by local battery bank 218 can also be
generated by cach of the electric GSEs 222 and provided to the DC-DC battery charger 22
to facilitate intelligent charging of electric GSEs 222,

Central monitoring wmit 224 comprises a centralized system configured to receive
operational or state data from a phurality of devices, equipment, and systems located in an

airport.  The system 100, passenger boarding bridges {e.g.

S

boarding bridge 104), air
conditioners, heating systems, aurport trams, and/or the like of an airport are cxamples of
devices that can provide operational/state data to central monitoring unit 224, In an
embodiment, controller 208 can be configared to generate and communicate

sperational/state data about system 100 to central monitoring wit 224, Examples of
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operational/state data provided by controller 208 mchudes, without Himitation, the amount
of power being provided to solid state converter 212, the amousnt of power being provided
to battery charger 216, unique identificrs of electric GSEs 222 being charged, historical
power consumption data, faults, alarms, other usage information about components
mceluded n the systern 100, and/or the like. Tn this manner, central monitoring unit 224 not
only serves as a collation point of airport data but can also facilitate fault diagnosis, fault
detection, usage trend or pattern identification, imtclligent airport design, resource
allocation, and/or the like.

Central monitoring unit 224 can comprise a server, computer, database, processor,
and/or the like. Central monitoring unit 224 can be adjacent to or remote from the system
109. Central monitoring unit 224 can comprise one or more units. For example, a different
central monitoring unit may exist for each of the different airport terminals of an airport or
a single central monitoring unit can be irmplemented at an airport control center for the
entire atrport.  Central monitoring unit 224 can obtain operational/state data via a wired
and/or wircless connection with the vartous devices of the airport. For example, controlier
208 can include wircless communication components to broadcast the operational/state
data.

In some embodiments, data monitored by the central monitoring unit 224 facilitates
management of diversity factor assoctated with the airport {or sections of the airport).
Diversity factor is the overall airport duty cycle of equipment. Airport power capacity is

designed around specific diversity factors. Diversity factor is defined as:

. . sum of individual maximum demands
Diversity factor =

coincident maximum demand of whole system

New equipment peak loads and its total load over time affect the diversity factor.
System 100 allows control of diversity factor by having the ability to set the maximum
battery charger current, which impacts the numerator of the equation above, and also
having the ability to set active times for the battery charger, which mmpacts the denominator
of the equation above. Accordingly, an airport using the systern 100 can control the
resulting diversity factor, if needed.

FIGURE 3 is an example illustration showing additional details of the load sharing
controller 206 in accordance with some embodiments of the present disclosure. In addition

1o current transducer 204, controller 208, and nterface unit 210, load sharing controller
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206 further includes a power splitter 300. Power splitter 300 comprises a passive electrical
element that splits the incoming power into two power streams. Power splitter 300 includes
one input and two outputs. The input of power splitter 300 electrically couples with the
output of existing power feed 202, the first output of power splitter 300 electrically couples
with the sohd state converter 212, and the second output of power sphitter 300 electrically
couples with the battery charger 216.

In some embodiments, controller 208 and interface unit 210 include, or have access
to, a non-transitory computer-readable medium having computer-exccutable instructions
for performing the operations described herein.

The controller 208 is configured to process the current feedback (from current
transducer 204) and the aircraft power feedback {from solid state converter 212) to
determine how much power should be available for the battery charger 216, Current
feedback guantifies the mstantancous power being consumed by the system 100 {e.g., by
aircraft 214 via solid state converter 212 and the battery charger 2163, Aircraft power
feedback provides advanced notification of changing aircraft load, quantity and quality of
power consumption (¢.g.. voltage, current, frequency) by the atrcraft 214, diagoostic data
associated with the aircraft 214, and/or the like. Controller 208 determines the maximum
excess power avatlable for the battery charger 216 based on the current feedback and the
aircraft power feedback.

Although controller 208 is configured to provide load sharing between the solid
state converter 212 and the battery charger 216, power requirement of the aircraft 214 is
prioritized at all times so that the aircraft 214 receives whatever amount of power it needs
at all tmes. Power consumption by aircraft 214 is thercfore vorestricted and uninterrapted
as if the electric GSE branch of system 100 is absent. Only power available at the existing
power foed 202 in excess of the power consumed and/or anticipated to be consumed by the
aircraft 214 will be available for consumption by the battery charger 216,

Controller 208 generates a control signal indicative of the maximum excess power
available for the battery charger 216 based on the current feedback and the atrcraft power
feedback. The control signal specifies the maximum amount of power that can be drawn
by the battery charger 216. The control signal can be a digital or analog signal mdicating
0-100% power in continuous or discrete steps. For example, the control signal can be a
variable duty-cycle square wave, a 0-10 V signal, or the like. The control signal, also

referred to as a maximum available excess power signal, is communicated to battery
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charger 216 via the communication line 234, As the power consamption and needs of the
aircraft 214 decreases, the maximum level of power that the battery charger 216 can access
INCreases.

In some embodiments, the control signal to the batterv charger 216 also specifies a
(continuous) minimum amount of power o be drawn/consumed by the battery charger 216,
A continuous minimal power draw permits the battery charger 216 to maintain at least a
minimal continuous charging of the local battery bank 218 to prevent starts/stops on local
battery bank charging.

In response to the control signal, battery charger 216 draws or consumes power
from the existing power feed 202 based on power requirements associated with the local
battery bank 218, up to the maximum power limit specified in the control signal. For
cxample, without limitation, the BMID charge control signal received from the local
battery bank 218 can specify the amount of power preferred by the batteries included in the
local battery bank 218. Battery charger 216 processes the BMID charge control signal and
determines the actual amount of power to draw from the existing power feed 202 via the
power splitter 300 based on the power requirements provided in the BMID charge control
signal and the maximum available excess power control signal. If the preferred/requested
amount of power specified in the BMID charge control signal is greater than the maximum
available excess power specified in the maximum available excess power control signal,
then battery charger 216 may draw a power amount equal to the maximum available excess
power specified in the maximum available excess power control signal and provide such
power amount to the local battery bank 218, even though such power amount is less than
the amount indicated in the BMID charge control signal. Ifthe preferred/requested amount
of power specified in the BMID charge control signal is less than the maximum available
excess power specified in the maximum available power control signal, then battery
charger 216 may only draw a power amount that is equal to the preferred/requested amount
of power, therchy underutilizing the amount of power available to be consumed without
impacting aireraft 214 needs.

Accordingly, even though the controller 208 determines the maxinmum amount of
power from the existing power feed 202 that can be used by the battery charger 216, it is
the battery charger 216 that makes the final determination as to the exact power amount to
draw or consume from the existing power feed 202, within the power limit(s} set by the

controller 208 via the maximum available excess power control signal.
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The electric GSE charging branch of system 100 permits opportanistic charging
{c.g., consume power when available from existing power feed 202) while providing
independent and full electric GSE charging capabilitics {¢.g., power delivery on demand).
The inclusion of the local battery bank 218 allows time-shifted power delivery, in which
the time of power consumption from the existing power feed 202 1s decoupled or
independent of power delivery to charge the electric GSEs. Even if no or low amount of
power is presently available from the existing power feed 202 to battery charger 216,
encrgy stored in the local batterv bank 218 permits one or more electric GSEs 222 o
undergo uninterrupted charging, fast charging, simultancous charging of a plurality of
electric G8Es 222 and/or the like.

in this manner, dual feedback loops to the load sharing controlier 206 facilitates
real-time or dynamic load sharing of power, from a rotunda/gate/building (e.g., existing
power feed 202), between the solid state converter 212 and battery charger 216, The full
power needs of the aircraft 214 are met and prioritized at all imes. Existing gate
operations, including providing power to aireraft 214, arc not diminished by the system
100. Based on the present power needs of the aircraft 214, load sharing controller 206
generates a control signal to the battery charger 216 specifying a maximum power that can
be consumed by the battery charger 216, so as to prevent the batterv charger 216 from
drawing more power than is available given the present power needs of the aircraft 214, If
there is no aircraft 214 connected to the solid state converter 212 or aircraft 214 has low
power needs, then the control signal to battery charger 216 specifics a high {or higher)
maximum power since load sharing permits most {or more) of the power from exsting
power feed 202 to be used by the battery charger 216.

FIGURE 4 is an example illustration of a block diagram of the svstem 100 in
accordance with some ermbodiments of the present disclosure. For brevitv and conciseness,
those parts of ilustrated system 100 that are similar to system 100 shown in Figure 7 are
not described in detail here. The output of an existing power feed 202 may be directly fed
to the input to carrent transducer 204 without intervening elements {(e.g., an intervening
controller). As a result, the load sharing controller 206 and/or a connection between the
existing power feed 202 and the current transducer 204 may be simplified and high voltage
power need not be passed through the load sharing controller 206. Power is further provided
to the solid state converter (also referred to as "400 Hz supply™) 212, Awrcraft 214 (if

present at the gate) is provisioned with the AC power through solid state converter 212,
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Power feed 202 also provides power to a battery charger 216 through a battery
charger supply line. In some embodiments, battery charger 216 is configured to draw power
from cxisting power feed 202 i accordance with a control signal provided on
communication Hoe 234 ("maximum available excess power signal") from load sharing
controller 206 {¢.g., from controller 208). Battery charger 216 converts the received AC
power into DT power, which in tum s provided to one or more GSEs 222 and/or to local
battery bank 218 through a local battery charging line.

Local battery bank 218 1s configured to store energy provided by battery charger
216, for example when the power producing capability of the battery charger 216 is not
fully atitized by the GSEs 222, In operation, depending on the BMID charge control signal
236, local battery bank 218 may provide its stored energy back to the battery charger
through a local battery supply line. In some embodiments, the process of storing excess
encrgy in the local battery bank 218 and providing the stored energy back to batterv charger
216 (and farther to clectric GSEs 222) smooths the energy consumption of battery charger
216 by "shaving off” the peaks in power demand that would otherwise have to be provided
solely by battery charger 216. As a result, clectric GSEs 222 can be charged based on
augmenting the power-providing capability of the battery charger 216 with the stored
energy from local battery bank 218, Flow of energy between the battery charger 216 and
the local battery bank 218 may be controlled by BMID charge control signal 236 based on,
for example, power demand by the GSEs 222, the type(s) of batteries included in the local
battery bank 218, amount of power desired for charging at the present time, preforred
battery charging rate, and/or the hke (collectively referred to as charging/discharging
requirements associated with the batteries of the local battery bank 218). In some
embodiments, the flow of energy between the battery charger 216 and the local battery
bank 218 may be based on tume of day and the cost of power. For example, the battery
charger 216 may charge the local battery bank 218 when the cost of power is lower.
Conversely, the battery bank 218 may serve as a power source when power costs more.
Battery charger 216 can ntelligently charge or draw power from the local batiery bank 218
based on real-time {or near real-time} BMID charge control signal.

Local battery bank 218 can be further configured to gencrate and provide battery
state information to load sharing controller 206 via a communications hine 238, The load
sharing controller 206 also receives control inputs throogh the communication line 230 and

the communication line 232 that collectively form an aircraft power feedback loop. In
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some embodiments, the commanication hine 230 provides a signal that 1s indicative of the
amount of current flowing through the current transducer 204 ("current feedback signal"},
whereas the comnwnication line 232 provides a signal that is indicative of the aircraft
power ("atrcraft power feedback loop"). Signal provided on the communication line 232
may be viewed as an intelligent signal that allows the system to predict future aircraft power
changes and provides for advanced load sharing capabilities. Such capability is included in
other instances of the communication line 232 described elsewhere in this specification. In
operation, foad sharing controller 206 is configured to control load sharing between the
solid state converter 212 and the battery charger 216 of system 100, In some embodiments,
load sharing controller 206 includes controller 208, and interface umt 210,

System 100 is designed to use existing power infrastructure {e.g., oxisting power
feed 202) without need for installation of a new power feed, power drop, or power
connection point. Svstem 100 has a small footprint and can be located near the gate rotunda
or building wall with minimal construction requirements. System 100 protects, maintains,
and prioritizes mecting aircraft power requirements with load sharing to the battery charger
216 during times of Jow awrcraft loads, high aircraft loads, and while atrcrafts arc not
plugged in for power. The local battery bank 218 included in the system 100 stores power
when excess power is available and permits charging of electric GSEs 222 at whatever
schedule is convenient for clectric GSE operations.  Opportunistic storage of power
provided by the local battery bank 218 effectively doubles or triples the gate's power output
without requiring new wiring or construction. Electric GSE charging can be simultancous
for a plurality of electric GSEs, without interruption (e.g., continuous charging), fast
charging, intelligent charging, trickle charging, and/or the like. A dual aircraft powering
and electric GSE charging system such as system 100 can be located at any gate or rotunda.

In some embodiments, one or more components mchided in system 100 may be
optional. Forinstance, without limitation, interface unit 210, local battery bank 218, and/or
central monttoning wumit 224 may be optional. Local battery bank 218 may be omitted if
storage of energy from existing power feed 202 is not needed in order to mect electric GSE
charging requirements. Central monitoring unit 224 may be optional where an airport does
not require centralized state information about gate operations and equipment. Power
mputted to system 100 can be provided from a vanety of power sources. Existing power
feed 202, for example, can comprise a 400 Hz power feed, be sourced from an airport

centralized 400 Hz power system, part of the passenger boarding bridge, part of airport
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preconditioned air units (PCAs), and/or the like. BC-DC batiery charger 220 may include
one or more vehicle charging cables. DC-DC battery charger 220 may comprise one or
maore vehicle chargers.

Although certain embodiments have been ilustrated and described herein for
purposes of description, a wide variety of alternate and/or equivalent embodiments or
mmplementations calculated to achieve the same purposes may be substituted for the
embodiments shown and described without departing from the scope of the present
disclosure. This application is miended to cover any adaptations or variations of the
embodiments discussed hercin.  Therefore, it 1s manifestly mntended that embodiments

described herein be hauted only by the claims.
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CLAIMS
We claim:
I. An airport electric vehicle charging system comprising:

a current transducer electrically coupled with a power source;

a sohid state converter electrically coupleable with an aircraft at or near an airport
gate and configured to provide and maintain power, from the power source, to the atrcraft
at a power level requested by the aircraft;

a controller;

a first feedback loop between the controller and the current transduacer, wherein the
first feedback loop provides a first feedback signal gencrated by the current transducer to
the controller;

a second feedback loop between the controller and the solid state converter, wherein
the second feedback loop provides a second feedback signal generated by the solid state
converter to the controller; and

a battery charger electnically coupled with the power source and configured to
charge one or more electric vehicles, wherein the battery charger is configured to consume

power from the power source in accordance with the first and second feedback signals.

2. The svstem of claim 1, wherein the controlier is configured to determine a
maximum available excess power value based on the first and second feedback signals and
generate a control signal indicative of the deternuned maximum available excess power

value,

3. The system of claim 2, wherein the battery charger receives the control
signal and consumes power from the power source up to the maximum available excess

power value indicated in the control signal.

4. The system of claim 1, wherein the current transducer s configured to
monitor an amount of power being consumed by the system and generate the first feedback

signal indicative of the amount of power being consumed by the system.

5. The system of claim 1, wherein the solid state converter is configured to
monitor an amount of power being consumed by the aircraft and generate the second

feedback signal indicative of the amount of power being consumed by the aircraft.
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6. The system of claim 1, further comprising:

a direct current {DC}-DC battery charger configured to charge the one or more
clectric vehicles at or near the airport gate; and

a battery bank comprising one or more batteries clectrically coupled between the
battery charger and the DC-DC battery charger, wherein the battery bank 1s configured to
determine charging requirements of the one or more batteries and generate a third feedback
signal indicative of the determined charging requirements of the one or more batteries, and
wherein the controller is configured to determine a maximum available excess power value
based on the first and second feedback signals and generate a control signal indicative of

the determined maximum available excess power value.

7. The system of claim 6, wherein the battery charger receives the control
signal and the third feedback signal, wherein the battery charger consumes power from the
power source based on the control signal and the third feedback signal, and wherein the
battery bank s charged by the power consumed from the power source by the battery

charger.

8. The system of claim 6, wherein the DC-DC battery charger is configured to
charge the one or more clectnc vehicles independently of an amount of power available

from the power source.

9. The system of claim 1, further comprising:

abattery bank comprising one or more baiteries electrically coupled with the battery
charger, wherein the battery bank is coupled with the battery charger through a local battery
charging line configured for receiving power from the baticry charger through a local
battery charging line and local battery supply line configured for providing power to the

battery charger.

10. The system of claim 9, wherein receiving power from the battery charger
and providing power to the battery charger is determined based on at least one of a battery
monitor and identification device (BMID) charge control signal generated by the local

battery bank and a maximuin available excess power signal generated by the controller.

1. 'The system of claim 1, further including a power splitter and an interface

unit, wherein an input of the power splitter electrically couples with the power source, a

-19~



WO 2020/223432 PCT/US2020/030611

first output of the power sphitter electrically couples with the solid state converter, and a
second output of the power splitter electrically couples with the battery charger, and
wherein the interface unit is configured for a user to interface with power data associated

with one or more of the current transducer, solid state converter, or battery bank.

12 The svstem of claim 1, further comprising a central monitoring unit in
conununication with the controller, wherein the central monttoring unit receives first power
consumption data associated with the svstem and second power consumption data
associated with a second system, different from the system, located at or near a second gate

of the airport.

13, The system of claim 1, wherein an electrical connection between the system
and the power source is located at the airport gate, an airport gate rotunda, an airport

rotunda, or airport building.

14, The system of claim 1, wherein the solid state converter is configured to

provide aircraft-compatible power or 400 Hertz (Hz) power to the aircraft.

15. An airport electric vehicle charging system comprising;

a sohid state converter electrically coupleable with an aircraft at or near an airport
gate and configured to provide and maintain power, from a power source, to the aircraft at
a power level requested by the aircraft;

a load sharing controller electrically coupled between the power source and the
solid state converter,;

a battery charger electrically coupled with the load sharing controlier;

a vehicle charger configured to charge one or more electric vehicles at or near the
airport gate; and

a battery bank comprising one or mare batteries electrically coupled between the
battery charger and the vehicle charger, wherein the solid state converter provides a
feedback signal mdicative of power consumption by the aircraft to the load sharing
controiler, wherein the load sharing controller is configured to determine a control signal
indicative of a maximum excess available power level for the battery charger based on at
least the feedback signal, and wherein the battery charger is configured to hmit power

consurnption from the power source in accordance with the control signal.
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16. The svstem of claim 15, wherein the feedback signal comprises a second
feedback signal and wherein the load sharing controller includes a current transducer, a
controller, and a power splitter,

wherein an input of the power splitter electrically couples with the power source, a
first output of the power splitter clectrically couples with the solid state converter, and a
second output of the power splitter electrically couples with the battery charger, and

wherein the current transducer monitors an amount of power being consumed by
the svstem and generates a first feedback signal indicative of the amount of power being

consumed by the svstem.

17.  The systern of claim 16, whetein the controller is configured to determine

the control signal based on the first and second feedback signals.

18 The system of claim 16, wherein the battery bank is configured to determine
charging requirements of the one or more batteries and generate a third feedback signal

indicative of the determuined charging requirements of the one or more batteries.

19, The svstem of claim 18, wherein the battery charger receives the control
signal and the third feedback signal, wherein the battery charger consumes power from the
power source based on the control signal and the third feedback signal, and wherein the
battery bank s charged by the power consumed from the power source by the battery

charger.

20, The system of claim 135, further comprising a feedback line electrically
coupled between the solid state converter and the load sharing controller, the feedback line
configured to provide the feedback signal from the solid state converter to the load sharing

controller.

21 The system of claim 15, further comprising a central monitoring unit in
communication with the load sharing controller, wherein the central monitoring unit
receives first power consumption data associated with the system and second power
consumption data associated with a second system, different from the system, located at or

near a second gate of the airport.
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22. The system of claim 15, wheremn the vehicle charger comprises a direct

current {DC-DC vehicle charger,

23, An airport electric vehicle charging system comprising:

a current transducer directly electrically coupled with a power source;

a sohid state converter electrically coupleable with an aircraft at or near an airport
gate and configured to provide and maintain power, from the power source, to the atrcraft
at a power level requested by the aircraft;

a controller outside of a direct clectrical path from the power source to the current
transducer; and

a battery charger clectrically coupled with the power source and configured to

charge one or more electric vehicles.

24, The system of claim 23, wherein the solid state converter is configured to
consume power from the power source based on:

a first feedback loop between the controller and the current transducer, wherein the
first feedback loop provides a first feedback signal generated by the corrent transducer to
the controller; and

a second feedback loop between the controller and the solid state converter, wherein
the second feedback loop provides a second feedback signal generated by the solid state

converter to the controller.

23. The system of claim 23, further comprising:

a battery bank comprising one or more batteries electrically coupled with the battery
charger,

a local battery charging line coupling the battery bank and the battery charger, the
tocal battery charging line being configared for receiving power from the battery charger;
and

a local battery supply line coupling the baticry bank and the battery charger, the
local battery supply line being configured for providing power to the battery charger,

wherein the battery bank is configured to receive power from and provide power to
the battery charger based on at least one of a battery monitor and identification device
{BMID) charge control signal generated by the local battery bank and a maximuom avatlable

excess power signal generated by the controller.
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