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(57) Abstract: A hybrid electric vehicle control system and process initiates active charging and power rationing control strategies in
accordance with determining that a predicted state of charge of an electrical energy storage unit during an anticipated period of non-
driving will be below an anticipated energy consumption during the anticipated period of non-driving. The determination is made, and
the active charging and rationing are initiated, in advance of the period of non-driving in order to ensure that a state of charge of the
electrical energy storage unit is sufficient to supply the anticipated energy consumption during the period of non-driving.
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DRIVER BREAK PREPARATION SYSTEM FOR A HYBRID VEHICLE

[0001] This application claims priority to U.S. application No. 15/379,383 filed
December 14, 2016, the disclosure of which is incorporated herein by reference in its

entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to control of an electrical energy storage unit of a

hybrid electric vehicle.
BACKGROUND OF THE INVENTION

[0003] Hybrid electric vehicles having an internal combustion engine combined with an
electric motor-generator and an electrical energy storage system have been the focus of
considerable attention in the automotive field. Hybrid electric vehicle systems are, however,

only recently attracting significant interest for use in commercial vehicles, e.g., freight trucks.

[0004] For drivers of these commercial vehicles, federal, state and local laws, as well as
private policies, regulate the length of driving shifts, as well as the frequency and duration of
rest breaks between shifts. These policies are in place as safety measures to prevent driver

fatigue.

[0005] It is for this reason that commercial motor vehicles are often equipped with
sleeper berths, which are used by drivers during these rest breaks to sleep or otherwise rest.
These sleeper berths are generally equipped with the conveniences of heating, air-
conditioning, electric appliances, and other comforts. These and other hotel loads (i.e., non-
propulsive electric loads) are typically powered by one or more of the following power
sources: auxiliary power units, fuel fired heaters, on-vehicle electric storage systems (“ESS”)
and from a rest facility source. Auxiliary power units are typically combustion engine-driven
electric generators and air-conditioning units that use power from a diesel engine to cool the
sleeper berth and power the appliances. Fuel fired heaters burn diesel fuel to heat the sleeper
berth. On-vehicle electric storage systems offer pre-charged sources of electric power that is

typically charged by regenerative means, engine power or stationary power sources.
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[0006] The application of hybrid electric vehicle systems to commercial vehicles
provides the ability to use the hybrid electrical energy storage system to power vehicle

electric loads.

[0007] U.S. Pat. No. 8,548,660 discloses a hybrid vehicle charging system that, during
periods of driving, uses driver profile information, GPS information, environmental
information, accessory information and system default parameters to generate a strategy for
managing stored electric energy in order to power electric loads of the vehicle. But this prior
art does not address predicting electrical power needs during rest breaks when the driver is
not driving the vehicle. It also does not address ensuring sufficient electrical power is
available at the beginning of the rest break in order to meet those predicted needs. Nor does
this prior art take into account the need to ensure sufficient electrical power is present after a

rest break to operate the vehicle.

[0008] If a hybrid vehicle’s electrical energy storage system is to be used to power
sleeper berth hotel loads during rest breaks, it is beneficial to ensure that — prior to the rest
break — the amount of electrical energy stored is sufficient to power the hotel loads for the
entire period of the rest break. It is also beneficial to ensure that the amount of electrical

energy remaining after the rest break is sufficient to resume driving.
SUMMARY OF THE INVENTION

[0009] The present invention provides a control system that is uniquely suited to control
the internal combustion engine and motor-generator of a hybrid electric vehicle so as to
ensure that an electrical energy storage unit of a hybrid vehicle hybrid drive system is

sufficiently charged to operate electric loads during periods of non-driving.

[0010] Exemplary hybrid drive systems are disclosed, for example, in co-pending U.S.
Patent Application No. 15/378,853, entitled “Front End Motor-Generator System and Hybrid
Electric Vehicle Operating Method,” filed on December 14, 2016, the entire contents and
disclosure of which is herein incorporated by reference. The present invention is indeed
particularly applicable in combination with such systems, which use the electric motor
generator to charge the electrical energy storage unit through regenerative braking and during
any negative torque event, so that the stored electric energy can then be directed to the

electric motor-generator to power hotel loads.
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[0011] The control system predicts forthcoming driving and non-driving conditions, and
takes action to ensure that the electrical energy storage unit is sufficiently charged for an
anticipated period of non-driving. In particular, the control unit is configured to control the
hybrid drive system so as to actively charge the electrical energy storage unit in accordance
with a determination that a predicted state of charge of the electrical energy storage unit at a
start of the anticipated period of non-driving is less than a predicted energy consumption
during the anticipated period of non-driving. The predicted energy consumption may also
include the energy required to start the vehicle engine at the end of the period of non-driving.
In addition or, or in place of active charging, the control unit may also be configured to
control the hybrid drive system so as to ration power consumption ahead of the period of non-
driving. The control unit may be embodied by appropriately configured hardware, software
and/or firmware, such as, for example, a processor operating in accordance with computer

program instructions stored in a data storage device.

[0012] As used herein, the term “actively charge,” and its variations, refers to selectively
utilizing the internal combustion engine to provide vehicle propulsion as well as drive the
electric motor-generator to generate electrical energy that is then stored in the electrical
energy storage unit.  As used herein, the term “predicted energy consumption” refers to an
amount of energy predicted to be consumed by the electrical loads powered by electrical
energy from the electrical energy storage unit. The present invention thus ensures that the
electrical energy storage unit contains sufficient electrical energy to power electrical loads
(e.g., hotel loads and engine start) during periods of non-driving (e.g., rest breaks) by actively
charging the electrical energy storage unit upon anticipating that the electrical energy storage

unit in insufficiently charged for an upcoming period of non-driving.

[0013] Accordingly, a control unit is configured to execute a control process for actively
charging the vehicle’s electrical energy storage unit based on a determination of whether a
predicted state of charge of the electrical energy storage unit at the start of an anticipated
period of non-driving will be below required state of charge in view of a predicted energy

consumption by hotel loads during the anticipated period of non-driving.

[0014] The control process may also include rationing the usage of electrical energy from
the electrical energy storage unit in accordance with the determination that the predicted state
of charge of the electrical energy storage unit at the start of an anticipated period of non-

driving will be below the required state of charge in view of the predicted energy
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consumption by hotel loads during the anticipated period of non-driving. As used herein, the
term “rationing” refers to implementing a control strategy for selectively operating one or
more loads (and/or accessories) via the internal combustion engine only, so as to not use the

electrical energy stored in the electrical energy storage unit.

[0015] The control process may also include determining a start time at which to start
active charging and/or rationing — prior to the period of non-driving — in order to ensure that
the predicted state of charge of the electrical energy storage unit at the start of the anticipated
period of non-driving will not be below the required state of charge in view of the anticipated
energy consumption during the anticipated period of non-driving, and to start active charging

at the start time.

[0016] The determination may also include calculating the predicted state of charge based
on one or more of: a current state of charge, a predicted power consumption until the period
of non-driving, and an opportunity for regenerative braking prior to the period of non-driving.
The determination may be based on one or more of: user input data, current condition data

and historical data.

[0017] Other features and advantages of the present invention will become apparent from
the following more detailed description, taken in conjunction with the accompanying
drawings, which illustrate, by way of example, the principles of the presently described

apparatus and method of its use.
BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1 is a block diagram that schematically illustrates a control system

according to an embodiment of the present invention;

[0019] Figure 2 is a flowchart that illustrates a control process according to an

embodiment of the present invention;

[0020] Figure 3 is a flowchart that illustrates a control process according to an

embodiment of the present invention; and

[0021] Figure 4 is a flowchart that illustrates a control process according to an

embodiment of the present invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] The above described drawing figures illustrate the invention in at least one of its
preferred, best mode embodiment, which is further defined in detail in the following
description. Those having ordinary skill in the art may be able to make alterations and
modifications to what is described herein without departing from its spirit and scope. While
the invention is susceptible of embodiment in many different forms, there is shown in the
drawings and will herein be described in detail a preferred embodiment of the invention with
the understanding that the present disclosure is to be considered as an exemplification of the
principles of the invention and is not intended to limit the broad aspect of the invention to the
embodiments illustrated. Therefore, it should be understood that what is illustrated is set forth
only for the purposes of example and should not be taken as a limitation on the scope of the

invention.

[0023] Figure 1 is a block diagram that schematically illustrates a control system 100
according to at least one embodiment of the present invention. The control system 100
includes a control unit 10 operatively coupled to a hybrid drive system 20 of a hybrid electric

vehicle.

[0024] The hybrid drive system 20 is configured to selectively utilize an internal
combustion engine 22 of the hybrid electric vehicle to provide vehicle propulsion and/or to
drive an electric motor-generator 24 of the hybrid electric vehicle to generate electrical
energy to be stored in an electrical energy storage unit 30 for powering electrical loads 40.
The control unit 10 may also communicate directly with the electrical energy storage unit 30,
for example, over a vehicle network, to exchange energy storage-related information such as
the current state of charge. The hybrid drive system 20 is also configured to selectively use
the electrical energy stored in the electrical energy storage unit 30 to drive the electric motor-
generator 24 to provide vehicle propulsion. The control unit 10 may receive information
from a variety of sources, such as from one or more sensors 60 and from other vehicle

controllers 62, preferably over a vehicle network such as a Control Area Network (CAN) 64.

[0025] Figure 2 is an illustrative flowchart reflecting a simplified control process 200 for
ensuring that the electrical energy storage unit 30 is sufficiently charged to operate electric
loads 40 during periods of non-driving, in accordance with an embodiment of the present

invention.
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[0026] The control unit 10 predicts the period of non-driving At, and, in advance of the
period of non-driving, predicts what the state of charge at the time of the period of non-
driving SOCx will be, as well as a required SOCyeq. The required state of charge is the state
of charge needed to at least satisfy the predicted energy consumption ECy over the duration

of the period of non-driving (Step 210).

[0027] This prediction may be as direct as reading preprogrammed, assumed or fixed
values for one or more of these variables. For example, At may be preprogrammed, assumed
or fixed to be from 9:00 PM to 5:00 AM, SOC,eq may be preprogrammed, assumed or fixed
to be the maximum state of charge for the electrical energy storage unit 30, and/or SOCx
(i.e., the predicted state of charge) may be preprogrammed, assumed or fixed to be a

minimum state of charge for the electrical energy storage unit 30.

[0028] This prediction may also be made by a calculation or other determination that
considers a multitude of other variables, as described further herein. For example, At may be
calculated or determined to be from 9:00 PM to 5:00 AM, SOC,¢q may be calculated or
determined to be 85% of the maximum state of charge of the electrical energy storage unit
30, and/or SOC (i.e., the predicted state of charge) may be calculated or determined to be

15% of the maximum state of charge of the electrical energy storage unit 30.

[0029] The control unit 10 then determines whether, based on these predictions, the
predicted state of charge as of the start of the period of non-driving SOCx will be less than a
required state of charge SOC.¢ (Step 220). This determination may be made via a
comparison of the predicted values of the two variables. It should be noted that the
comparison can also be made between the predicted state of charge as of the start of the
period of non-driving SOC ¢ and the predicted energy consumption over the duration of the

period of non-driving ECy.

[0030] In the event the control unit 10 determines that the predicted state of charge as of
period of non-driving SOCyx¢ will be less than the required state of charge SOC,q, the control
unit 10 operates to actively charge the electrical energy storage unit 30 and/or to ration power
consumption (Step 230). In the event the control unit 10 determines that the state of charge
as of the period of non-driving SOC, will be equal to or greater than the required state of
charge SOC,¢q, the control unit 10 operates in accordance with a default control strategy of

the hybrid drive system 20 (Step 240).
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[0031] In either case, after a predetermined time interval, the determination is made again
(Step 250). Active charging and/or power rationing may continue until the control unit 10
determines that the predicted state of charge as of the period of non-driving SOCx¢ will be
equal to or greater than the required state of charge SOC,eq. Active charging may further be
re-activated whenever the control unit 10 determines that the state of charge as of the period
of non-driving SOCx¢ will be less than the required state of charge SOC,. Periodic

determinations by the control unit 10 are therefore expressly contemplated.

[0032] Figure 3 is an illustrative flowchart reflecting a modified control process 300 for
ensuring that the electrical energy storage unit 30 is sufficiently charged to operate electric

loads 40 during periods of non-driving, in accordance with at least one embodiment.

[0033] The control unit 10 is further configured to determine a length of time Atreq
required to charge the electrical energy storage unit 30 and/or ration power such that the state
of charge at the start of the period of non-driving SOCx¢ will be equal to or greater than the
required state of charge SOC.q (Step 310). In the event the control unit 10 determines (Step
320) that the state of charge as of period of non-driving SOCx will be less than required state
of charge SOC,, the control unit 10 may operate to actively charge the electrical energy
storage unit 30 and/or ration power consumption for the length of time required Ateq (Step

330).

[0034] The control unit 10 may also determine an active charging and/or power rationing
start time t,c at which active charging and/or power rationing should begin in order to charge
the electrical energy storage unit 30 and/or ration power over the entire length of time
required Atreq prior to a start of the period of non-driving Atgare (Step 310). In other words,
the control unit 10 may determine t,c such that t,c = Atgart - Atreq. The control unit 10 may
operate to actively charge the electrical energy unit and/or ration power consumption starting
at the start time t,. for the length of time required At,eq to charge the electrical energy storage
unit 30 and/or ration power consumption such that SOCx will be equal to or greater than

SOC,q (Step 330).

[0035] In the event the control unit 10 determines that the state of charge as of the period
of non-driving SOCx will be equal to or greater than the required state of charge SOC,.,, the

control unit 10 operates in accordance with an original control strategy of the hybrid drive
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system 20 (Step 340). After a predetermined time interval, the determination is made again

(Step 350).

[0036] As described herein, the control unit 10 may be configured to control the hybrid
drive system 20 to ration the consumption of the stored electrical energy by the one or more
electric loads 40 so that the predicted state of charge as of the period of non-driving SOC ¢
will be equal to or greater than the required state of charge SOC,¢q. Accordingly, in at least
one embodiment, the control unit 10 may be configured to instruct the hybrid drive system 20
to limit usage of electric charge from the electric energy storage unit 30 to power one or more
of the electric loads 40. Electric loads 40 whose power consumption is rationed may include,
for example, the propulsion providing aspect of the motor-generator 24, air-conditioning
systems, engine fan belts, and other known electric loads 40. This state of rationing stored
electric energy may continue for any period of time in advance of the period of no-driving in
order to ensure sufficient charge during the period of non-driving. For example, rationing
may occur at the same time as active charging, or it may occur after active charging is
complete. Rationing may last until the period of non-driving starts, or for any other period

prior to the period of non-driving.

[0037] Returning to Figure 1, the control system 100 may further comprise a user
interface 50, one or more sensors 60 and a database 70, all operatively coupled to the control

unit 10, which controls each to operate in accordance with its described functionality.

[0038] The user interface is configured to receive driver input data and to communicate
the driver input data to the control unit 10 for use thereby and/or the database for storage
therein. The user interface may include one or more of: a visual display, such as a monitor;
an audio input/output device, such as a microphone and/or audio speaker; a tactile
input/output device, such as a keypad or touchscreen; and a transceiver for receiving the
driver input data from a remote source. In at least one embodiment, the user interface
includes a mobile software application or “app” executed by a mobile device that is

physically separate from the hybrid electric vehicle.

[0039] The driver input data preferably includes one or more of: driver identity and/or
profile information; destination information indicating an intended destination; route
information indicating an anticipated route for reaching the intended destination; a maximum

driving time before the period of non-driving is required by law or policy; an anticipated
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period of non-driving At, including a start, an end and/or a duration of the anticipated period
of non-driving; an anticipated location at which the period of non-driving is anticipated to
occur; and any other data whose input into the control system 100 would assist in the

determinations and/or predictions made by the control unit 10, as described herein.

[0040] Each of the one or more sensors 60 is configured to sense a current condition, to
generate current condition data therefrom, and to communicate the current condition data to
the control unit 10 for use thereby and/or the database for storage therein. The sensors 60
may include one or more of: electrical energy storage management system sensors that sense
the current state of charge of the electrical energy storage unit 30, the allowable charging
power, and the current power consumption by the electric loads; temperature sensors, e.g.,
thermocouples, that sense the ambient temperature and/or the temperature of one or more
vehicle sub-systems; location, terrain and traffic sensors, e.g., GPS or other navigation
systems, that determine the location of the vehicle, current traffic conditions at or near the
current location and/or along the route, and the current terrain on which the vehicle is
travelling; an internal clock that senses the current time; and any other sensor that generates
data whose input the control system 100 would assist in the determinations and/or predictions

made by the control unit 10, as described herein.

[0041] The database is configured to receive the driver input data and the current
condition data, and to store such data as historical data. The database is further configured to
communicate the historical data to the control unit 10 for use by the control unit 10 in the
determinations and/or predictions made by the control unit 10, as described herein. The
database may be an on-board database comprising one or more non-volatile memory devices,
or it may an off-board database located at a central server communicatively coupled to the

control unit 10 via a wireless connection.

[0042] The control unit 10 is configured to calculate and store within the database one or
more power consumption averages that indicate the average power consumption and/or
consumption rates of the one or more electric loads 40. For example, the control unit 10 may
calculate and store the average power consumption for the air-conditioning system, the
heating system, the on-board appliances, and other accessories, as well as the historical

ambient temperatures.
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[0043] The control unit 10 may further be configured to calculate these average power
consumption and/or consumption rates of the one or more electric loads 40 under similar
circumstances, as indicated by the driver input and condition data. For example, the control
unit 10 may be configured to calculate the historical average power consumption of: the
electric loads 40 along the same (or a similar) route from the current vehicle location to the
location at which the period of non-driving is anticipated to occur, at a similar time and under
similar traffic, terrain, and weather conditions; and/or of hotel loads during past periods of
non-driving under similar non-driving conditions. In at least one embodiment, the control

unit 10 calculates these averages over a predetermined period.

[0044] As described herein, the control unit 10 is configured to determine the anticipated
period of non-driving At, the predicted state of charge as of the period of non-driving SOCy,
and required state of charge SOC,.q. In accordance with at least one embodiment, these
determinations are preferably based on one or more of: the driver input data, the current

condition data, and the historical data stored in the database.

[0045] The user interface device may also be configured to communicate to the driver
any information related to the functionalities described herein, including any of the driver
input data, communication data and/or historical data, as well as the determinations of the
control unit 10. The driver is accordingly able to make informed decisions regarding the

period of non-driving.

[0046] Figure 4 is an illustrative flowchart reflecting a control process 500 that uses the
driver input data, the current condition data, and the historical data to ensure that the
electrical energy storage unit 30 is sufficiently charged to operate electric loads 40 during

periods of non-driving, in accordance with at least one embodiment

[0047] Driver input data 502 is entered via the user interface, and is read into the control
system 100 by the control unit 10 (Step 510). Current condition data is provided via the one
or more sensors 60, and is also read into the control system 100 by the control unit 10 (Step
520). Current condition data may include, for example, ambient air temperature, current state
of charge, terrain, traffic, current power consumption, or any other sensed or gathered data
reflecting current conditions relevant to the determinations discussed herein. The control unit
10 retrievably stores the driver input data and the current condition data in the database as

historical data 506 (Step 530).

10
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[0048] The control unit 10 reads the historical data, including the driver input data and
the current condition data (Step 540) and, based thereon, predicts the period of non-driving
At, and, in advance of the period of non-driving, predicts what the state of charge at the time
of the period of non-driving SOCx will be, as well as a required SOC, state of charge (Step

550), in accordance with the principles of the invention described herein.

[0049] In determining the anticipated period of non-driving, the control unit 10 may
determine, based on the driver input data, the current condition data and/or the historical data,
the time already driven out of the maximum driving time, the anticipated time along the route
until reaching the intended destination, the anticipated time along the route until reaching a
suitable location at which to stop for the period of non-driving, as well as likely effects of
traffic, weather, fuel and other ambient conditions may have on the start time and duration of
the period of non-driving. It should be noted that the determination may be that there is no
period of non-driving because, for example, the intended destination is intended to be reached
before the period of non-driving is required (i.e., before the maximum drive time is reached).
This anticipated period for non-driving may be displayed or otherwise communicated to the
driver via the user interface device. The user interface device may also communicate when a
full state of charge has been reached, allowing the driver to make an informed decision

regarding preparation for the period of non-driving.

[0050] For example, the driver may have driven 7 hours of a 10 hour maximum driving
time by 4:.00 PM, which would typically require the driver to stop for the period of non-
driving at 7:00 PM until 2:00 AM. The control unit 10, however, may determine that the
suitable location (e.g., Boulder, Colorado) corresponding to a time closest to the typical 7:00
PM period of non-driving, without exceeding it, is predicted to be reached at 6:45 PM along
the route. The control unit 10 accordingly determines that the period of non-driving begins

6:45 PM, and the user is informed via the user-interface device.

[0051] In determining the required state of charge SOC;.q, the control unit 10 predicts the
energy consumption by the hotel loads over the duration of the period of non-driving ECax;,
and determines the required state of charge SOC, based on the predicted energy
consumption ECs. The required state of charge SOC, may be a predetermined or
calculated amount more than is necessary to meet the predicted energy consumption ECyx¢. It
may, for example, be a state of charge necessary to both meet the predicted energy

consumption as well as allow for driving after the period of non-driving.

11
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[0052] In determining the predicted energy consumption ECy, the control unit 10
preferably determines, based on the driver input data, the current condition data and/or the
historical data, the historical energy consumption during past periods of non-driving with
conditions similar to those anticipated for the upcoming period of non-driving for which the
determination is being made. This historical energy consumption may be driver specific, or

driver non-specific.

[0053] Continuing with the previous example, the control unit 10 may determine that the
predicted temperature in Boulder, Colorado during the 6:45 PM to 2:00 AM time period is
36° F, and that the driver, under similar conditions in the past, used 7 kWh to power the

sleeper berth heater.

[0054] In determining the predicted state of charge as of the start of the period of non-
driving SOCy, the control unit 10 preferably determines, based on the driver input data, the
condition data and/or the historical data, the current state of charge of the electrical energy
storage unit 30, the predicted power consumption by electrical loads 40 for the upcoming
route prior to the anticipated period of non-driving, and the opportunity for regenerative
braking or other charging events that are not active charging events. The predicted state of
charge can alternatively be a preprogrammed or assumed value, e.g., the minimum state of

charge.

[0055] The current state of charge is preferably determined by directly reading the

condition data of the electrical energy storage management system sensors.

[0056] The predicted power consumption for the upcoming route prior to the period of
non-driving is preferably determined based on one or more of: current power consumption,
route, and historical data. The predicted power consumption may be based on predicting that
the current power consumption will continue as-is or that it will change as a function of time
prior to the anticipated period of non-driving. For example, the control unit 10 may predict
that, due to a temperature drop 1 hour further down the route, a particular driver is likely to
power the heater to draw an additional 2 kWh of power before the period of non-driving,
resulting in a predicted power consumption of 5 kWh of power consumption prior to the

period of non-driving.

[0057] The opportunities for regenerative braking or other charging events along the

upcoming route are preferably determined based on geography and traffic conditions. For

12
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example, the control unit 10 may predict that, due to an upcoming downhill portion of the
route along which there is little traffic, there is an opportunity to generate and store 1 kWh of

electric energy via regenerative braking.

[0058] Keeping with Figure 4, the control unit 10 then determines whether, based on
these predictions, the state of charge as of the period of non-driving SOCx will be less than
the required state of charge SOC,¢q (Step 560). This determination may be made via a

comparison of the predicted values of the two variables.

[0059] In the event the control unit 10 determines that the predicted state of charge as of
period of non-driving SOCyx¢ will be less than the required state of charge SOC,q, the control
unit 10 operates to actively charge the electrical energy storage unit 30 and/or to ration power
to the electric loads 40 (Step 570). In the event the control unit 10 determines that the
predicted state of charge as of the period of non-driving SOCy, will be equal to or greater
than the required state of charge SOC,q, the control unit 10 operates in accordance with the

default control strategy of the hybrid drive system 20 (Step 580).

[0060] After a predetermined time interval 580, the control unit 10 determines whether
new driver input data has been entered (Step 590). This may include, for example, a route
change, a driver change, and/or any other driver input data that may alter the determinations
made by the control unit 10. If new driver input data has been entered, the control unit 10
reads the new driver input data into the control system 100 (Step 510). Updated current
conditions are read into the control system 100 (Step 520), and the determinations are
updated in accordance with the updated current conditions and the new driver input data

(Step 550).

[0061] If new driver input data has not been entered, updated current conditions are
nevertheless read into the control system 100 (Step 520), and the determinations are again
made in accordance with the updated current conditions and the previously entered driver

input data (Step 550).

[0062] Active charging and/or power rationing may continue until the control unit 10
determines that the predicted state of charge as of the period of non-driving SOCx¢ will be
equal to or greater than the required state of charge SOC,¢. Active charging and/or power

rationing may be re-activated whenever the control unit 10 determines that the predicted state
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of charge as of the period of non-driving SOC ¢ will be less than the required state of charge

SOCreq.

[0063] It will be appreciated that the control unit 10 may further be configured to
determine one or more of: the length of time At required to charge the electrical energy
storage unit 30 and/or ration power, and the active charging start time t,., and to operate in

accordance with those determinations, as described herein with respect to at least Figure 3.

[0064] In this manner, the control system 100 according to at least one embodiment
ensures that the electrical energy storage unit 30 is sufficiently charged to operate electric
loads 40 during periods of non-driving. It will be understood that the determinations made by
the control system 100 are preferably made during a driving period, prior to the anticipated
period of non-driving. Thus, a principle of the present invention is the time-based
determination of whether the electric energy storage unit 30 will be sufficiently charged at a
future time (i.e., the start of period of non-driving) to power hotel loads for a duration during
which there will be no active charging (i.e., the length of the period of non-driving), as well
as the time-based control strategy of initiating active charging and/or power rationing at a
point in time that is determined to ensure the electric energy storage unit 30 will be

sufficiently charged prior to the future start of the period of non-driving.

[0065] The enablements described in detail above are considered novel over the prior art
of record and are considered critical to the operation of at least one aspect of the invention
and to the achievement of the above described objectives. The words used in this
specification to describe the present embodiments are to be understood not only in the sense
of their commonly defined meanings, but to include by special definition in this specification:
structure, material or acts beyond the scope of the commonly defined meanings. Thus if an
element can be understood in the context of this specification as including more than one
meaning, then its use must be understood as being generic to all possible meanings supported

by the specification and by the word or words describing the element.

[0066] The definitions of the words or drawing elements described herein are meant to
include not only the combination of elements which are literally set forth, but all equivalent
structure, material or acts for performing substantially the same function in substantially the
same way to obtain substantially the same result. In this sense it is therefore contemplated

that an equivalent substitution of two or more elements may be made for any one of the
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elements described and its various embodiments or that a single element may be substituted

for two or more elements in a claim.

[0067] The functionalities described herein may further be implemented via hardware,
software, firmware or any combination thereof, unless expressly indicated otherwise. If
implemented in software, the functionalities may be stored as one or more instructions on a
computer readable medium, including any available media accessible by a computer that can
be used to store desired program code in the form of instructions, data structures or the like.
Thus, certain aspects may comprise a computer program product for performing the
operations presented herein, such computer program product comprising a computer readable
medium having instructions stored thereon, the instructions being executable by one or more
processors to perform the operations described herein. It will be appreciated that software or
instructions may also be transmitted over a transmission medium as is known in the art.
Modules and/or other appropriate means for performing the operations described herein may

be utilized in implementing the functionalities described herein.

[0068] Changes from the claimed subject matter as viewed by a person with ordinary
skill in the art, now known or later devised, are expressly contemplated as being equivalents
within the scope intended and its various embodiments. Therefore, obvious substitutions now
or later known to one with ordinary skill in the art are defined to be within the scope of the
defined elements. This disclosure is thus meant to be understood to include what is
specifically illustrated and described above, what is conceptually equivalent, what can be

obviously substituted, and also what incorporates the essential ideas.

[0069] The foregoing disclosure has been set forth merely to illustrate the invention and
is not intended to be limiting. Because such modifications of the disclosed embodiments
incorporating the spirit and substance of the invention may occur to persons skilled in the art,
the invention should be construed to include everything within the scope of the appended

claims and equivalents thereof.

[0070] Listing of reference labels:

10 Control unit
20 Hybrid drive system
22 Internal combustion engine

24 Electric motor-generator
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30 Electrical energy storage unit

40 Electric loads

50 User interface

60 Sensors

62 Vehicle controllers

64 Control Area Network (CAN)

70 Database

At Period of non-driving from start to end

SOCs  Predicted state of charge at the time of At

ECx Predicted energy consumption over the duration of At
SOC,.q State of charge required to at least satisfy ECx

Atyeq Length of time required to charge and/or ration

tac Start time for charging or rationing
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CLAIMS

What is claimed is:

1. A control system for use in a commercial hybrid electric vehicle having an internal
combustion engine combined with a motor-generator and an electrical energy storage unit,
the control system comprising:

a control unit configured to control the internal combustion engine and the motor-
generator to actively charge the electrical energy storage unit in accordance with a
determination that a predicted state of charge of the electrical energy storage unit during an
anticipated period of non-driving will be below an anticipated energy consumption by hotel

loads during the anticipated period of non-driving.

2. The control system of claim 1, further comprising:
a user interface configured to receive user input data,

wherein the determination of the control unit is based on the user input data.

3. The control system of claim 1, further comprising:

a user interface configured to receive user input data;

one or more sensors configured to generate current condition data;

a database configured to receive and store the user input data and the current
condition data as historical data,

wherein the determination of the control unit is based on one or more of: the user

input data, the current condition data and the historical data.

4. The control system of claim 1, wherein the control unit is further configured to
determine a start time at which to start active charging to ensure that the predicted state of
charge of the electrical energy storage unit during the anticipated period of non-driving will
not be below the anticipated energy consumption during the anticipated period of non-

driving, and to start active charging at the start time.

5. The control system of claim 1, wherein the control unit is further configured to ration
usage of electrical energy from the electrical energy storage unit in accordance with the

determination by the control unit.

17



WO 2018/111453 PCT/US2017/060741

6. The control system of claim 1, wherein the control unit is further configured to
calculate the predicted state of charge based on one or more of: a current state of charge, a
predicted power consumption until the period of non-driving, and an opportunity for
regenerative braking prior to the period of non-driving, as determined based on one or more

of: the user input data, the current condition data and the historical data.

7. The control system of claim 1, wherein the hotel loads consist of sleeper berth loads

powered by the electrical energy storage unit during periods of non-driving.

8. The control system of claim 1, wherein the determination made by the control unit is
periodic.
9. The control system of claim 1, wherein the anticipated energy consumption by hotel

loads during the anticipated period of non-driving includes energy required to restart the

internal combustion engine when the period of non-driving concludes.

10. A control process for use in a commercial hybrid electric vehicle having an internal
combustion engine combined with a motor-generator and an electrical energy storage unit,
the control process comprising:

determining that a predicted state of charge of the electrical energy storage unit during
an anticipated period of non-driving will be below an anticipated energy consumption by
hotel loads during the anticipated period of non-driving; and

causing the internal combustion engine and the motor-generator to actively charge the

electrical energy storage unit in accordance with the determination.

11. The control process of claim 10, further comprising:
receiving user input data via a user interface,

wherein the determination is based on the user input data.
12. The control process of claim 10, further comprising:

receiving user input data via a user interface;

generate current condition data via one or more sensors;
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storing the user input data and the current condition data in a database as historical
data,
wherein the determination is based on one or more of: the user input data, the current

condition data and the historical data.

13. The control process of claim 10, further comprising:

determining a start time at which to start active charging to ensure that the predicted
state of charge of the electrical energy storage unit during the anticipated period of non-
driving will not be below the anticipated energy consumption during the anticipated period of
non-driving; and

start active charging at the start time.

14.  The control process of claim 10, further comprising:
rationing usage of electrical energy from the electrical energy storage unit in

accordance with the determination.

15. The control process of claim 10, further comprising:

calculating the predicted state of charge based on one or more of: a current state of
charge, a predicted power consumption until the period of non-driving, and an opportunity
for regenerative braking prior to the period of non-driving, as determined based on one or

more of: the user input data, the current condition data and the historical data.

16.  The control process of claim 10, wherein the hotel loads consist of sleeper berth loads

powered by the electrical energy storage unit during periods of non-driving.

17.  The control process of claim 10, wherein the determination is periodic.

18.  The control process of claim 10, wherein the anticipated energy consumption during

the anticipated period of non-driving includes energy required to restart the internal

combustion engine when the period of non-driving concludes.
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