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(57) Abstract: A method for controlling the distribution of power to a traction motor in a plug-in electric vehicle having a plurality
of on-board sources of electric power. Power is distributed at a normal power control relationship in response to an operator control
input during operation in a normal mode. Power is depleted at a first rate during operation of the vehicle in the normal mode. Power
is distributed at a derate power control relationship in response to the operator control input during operation in a derate mode. Power
is depleted at a second rate that is less than the first rate during operation in the derate mode to conserve the power of the one or more
on-board sources. Operation in the derate mode can be initiated in response to information from sensors identifying a vehicle condition
indicating a battery charge limitation.
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PLUG-IN ELECTRIC VEHICLES WITH
DERATED TRACTION CONTROL UPON SYSTEM FAULTS
CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to U.S. Provisional Patent Application
No. 62/906,366, filed September 26, 2019, and entitled “PLUG-IN ELECTRIC VEHICLES
WITH DERATED TRACTION CONTROL UPON SYSTEM FAULTS,” the entire

disclosure of which is expressly incorporated by reference herein.

TECHNICAL FIELD
[0002] The disclosure relates generally to systems and methods for controlling battery
state of charge depletion in electric vehicles. More specifically, the disclosure relates to
systems and methods for reducing battery charge depletion in electric vehicles in response to

the detection of system faults.

BACKGROUND
[0003] Plug-in electric vehicles typically include multiple on-board sources of
electrical power. Plug-in hybrid electric vehicles (PHEV), for example, include both an
internal combustion engine powered by conventional fuels such as gasoline or diesel, and a
battery powered electric motor. One type of PHEV known as a range extended electric
vehicle (REEV) includes an auxiliary power unit having an internal combustion engine-
powered generator. The electricity generated by the auxiliary power unit can be used to
charge the electric motor battery or to directly power the vehicle electric motor.
[0004] Sources of fuel for internal combustion engines are readily available. The
availability of charging stations to recharge the vehicle battery are more limited. Depletion
of the vehicle battery charge can have significant undesirable consequences, such as
stranding the vehicle far away from its home base. There remains, therefore, a continuing
need for improved systems for enhancing the battery charge and range of plug-in electric

vehicles.

SUMMARY
[0005] Disclosed embodiments include systems and methods to control the depletion

of battery charge in plug-in electric vehicles. In embodiments, vehicle traction control is
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derated in response to identified system failures or faults to reduce the rate of battery
depletion and enhance get-home capability.

[0006] Embodiments include a plug-in electric vehicle comprising a traction motor; a
rechargeable battery system including one or more batteries; a charger coupled to the
rechargeable battery system and connectable to an external electrical source to recharge the
rechargeable battery system; an auxiliary electric power source; a power distribution system
responsive to power control signals to controllably couple electric power from the
rechargeable battery system and the auxiliary electric power source to the traction motor; one
or more operator controls to provide operator vehicle control signals; one or more failure
sensors, each sensor identifying a vehicle condition indicating a battery charge limitation and
providing failure signals representative of the battery charge limitation; and a controller. The
controller is coupled to the power distribution system, the one or more operator controls and
the one or more failure sensors, and is configured to produce the power control signals and to
operate in a normal or first mode and a derate or second mode. The controller produces
normal or first traction power control signals in response to the operator control signals
during operation in the normal mode, and wherein power of the rechargeable battery system
and/or the auxiliary electric power source are depleted at a first rate during operation of the
vehicle when the controller is operating in the normal mode. In response to the failure
signals, the controller produces derated or second traction power control signals in response
to the operator control signals during operation in the derate mode, wherein power of the
rechargeable battery system and/or the auxiliary electric power source are depleted at a
second rate during operation of the vehicle when the vehicle controller is operating in the
derate mode, and wherein the second rate is less than the first rate to conserve the power of
the rechargeable battery system and/or the auxiliary power source.

[0007] Embodiments include a method for controlling the distribution of power to a
traction motor in a plug-in electric vehicle having a plurality of on-board sources of electric
power that can be transferred to the traction motor. The method comprises receiving an
operator control input; sensing one or more vehicle failure conditions indicating a charge
limitation of the plurality of on-board sources of power; and distributing power from one or
more of the plurality of on-board sources of power to the traction motor at a first or normal
power control relationship and at a second or derated power control relationship. When
distributing power at the first or normal power control relationship in response to the operator
control input during operation in a first or normal mode in the absence of vehicle failure

conditions, power of the one or more on-board sources of power is depleted at a first rate
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during operation of the vehicle during operation in the first or normal mode. When
distributing power from one or more of the plurality of on-board sources of power to the
traction motor at a second or derate power control relationship in response to the operator
control input during operation in a second or derate mode in response to a sensed vehicle
failure condition, power of the one or more on-board sources of power is depleted at a second
rate during operation of the vehicle during operation in the second or derate mode. The
second rate is less than the first rate to conserve the power of the one or more on-board

sources of power.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1 is a diagrammatic illustration of a plug-in electric vehicle in accordance
with embodiments.
[0009] FIG. 2A is a diagrammatic illustration of an example auxiliary electric power
source that can be used with the vehicle.
[0010] FIG. 2B is a diagrammatic illustration of an example auxiliary electric power
source that can be used with the vehicle.
[0011] FIG. 3 is a diagrammatic illustration of examples of failure sensors that can be
used with the vehicle.
[0012] FIG. 4A is a graphical representation of an exemplary normal or baseline
mode power control relationship for the vehicle in accordance with embodiments.
[0013] FIGs. 4B, 4C and 4D are graphical examples of modeled instantaneous power,
state of charge (SOC) and speed performance parameters, respectively, of a vehicle operated
using the power control relationship of FIG. 4A.
[0014] FIG. 5A is a graphical representation of an exemplary driveline torque limit
derate mode power control relationship for a vehicle in accordance with embodiments.
[0015] FIGs. 5B, 5C and 5D are graphical examples of modeled instantaneous power,
state of charge (SOC) and speed performance parameters, respectively, of a vehicle operated
using the power control relationship of FIG. S5A.
[0016] FIG. 6A is a graphical representation of an exemplary vehicle acceleration
limit derate mode power control relationship for a vehicle in accordance with embodiments.
[0017] FIGs. 6B, 6C and 6D are graphical examples of modeled instantaneous power,
state of charge (SOC) and speed performance parameters, respectively, of a vehicle operated

using the power control relationship of FIG. 6A.
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[0018] FIG. 7 1s a graphical representation of an exemplary weight-based acceleration
limit derate power control relationship for a vehicle in accordance with embodiments.

[0019] FIG. 8A is a graphical representation of an exemplary battery SOC (state of
charge) limit derate mode power control relationship for a vehicle in accordance with
embodiments.

[0020] FIGs. 8B, 8C and 8D are graphical examples of modeled instantaneous power,
state of charge (SOC) and speed performance parameters, respectively, of a vehicle operated
using the SOC limited power control relationship of FIG. 8A.

[0021] FIG. 9A is a graphical representation of an exemplary vehicle speed limit
derate mode power control relationship for a vehicle in accordance with embodiments.
[0022] FIGs. 9B, 9C and 9D are graphical examples of modeled instantaneous power,
state of charge (SOC) and speed performance parameters, respectively, of a vehicle operated
using the speed limited power control relationship of FIG. 9A.

[0023] FIG. 10A is a graphical representation of a maximum power limited derate
mode power control relationship for vehicles in accordance with embodiments, which can be
used on vehicles of different weights.

[0024] FIGs. 10B, 10C and 10D are graphical examples of modeled instantaneous
power, state of charge (SOC) and speed performance parameters, respectively, for vehicles of
different weights operated using the maximum power limited power control relationship of
FIG. 10A.

[0025] FIG. 11A is a graphical representation of exemplary weight-based maximum
power limit derate mode power control relationships for vehicles in accordance with
embodiments.

[0026] FIGs. 11B, 11C and 11D are graphical examples of modeled instantaneous
power, state of charge (SOC) and speed performance parameters, respectively, of vehicles

operated using the maximum limited power control relationships of FIG. 11A.

DETAILED DESCRIPTION
[0027] FIG. 1 is a diagrammatic block diagram of a plug-in electric vehicle 10 such
as an automobile or truck in accordance with embodiments. Vehicle 10 includes one or more
electric traction motors 12 coupled to a drive such as wheels 14 by output shaft 16. A
plurality of on-board electrical power sources 17 including a rechargeable battery system 18
and an auxiliary electric power source 20 are coupled to the traction motor 12 by power

distribution system 22. Power distribution system 22 controls the flow of electric power from
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the plurality of on-board electrical power sources 17 in response to power control signals
provided by a controller 24. The controller 24 is connected to receive a number of inputs
including operator vehicle control input signals such as those provided by an accelerator 26,
brake 27 and system fault or failure sensors 28. As described in greater detail below, the
failure sensors 28 monitor a variety of conditions of the vehicle 10 that indicate power charge
limitations of the on-board electrical power sources 17 and provide failure signals
representative of those conditions and limitations to the controller 24. The controller 24 is
responsive the operator inputs and failure signals, and operates in a number of different
modes, including a first or normal mode, and a second or derate mode, to control the power
distribution system 22.

[0028] For example, in the absence of failure signals from the failure sensors 28, the
controller 24 can operate in the normal mode. During normal mode operation the controller
24 produces first or normal power control signals in response to the operator inputs. Power
of the on-board power sources 17 will be consumed or depleted at a first rate by operation of
the vehicle 10 when the controller 24 is operating in the normal mode. In response to the
identification of a vehicle failure condition, the controller 24 can operate in a derate mode.
During derate mode operation the controller 24 produces second or derate power control
signals in response to the operator inputs. Power of the on-board power sources 17 will be
consumed or depleted at a second rate by operation of the vehicle 10 when the controller 24
is operating in the derate mode. The second rate of power depletion is a rate that is less than
the first rate, thereby conserving power of the on-board electrical power sources 17. By
conserving power in this manner, the vehicle 10 may have “get-home” capability despite
possibly unexpected occurrences of the power charge limitations.

[0029] Rechargeable battery system 18 can include one or more batteries, and is
rechargeable from external sources such as the electrical power grid. The illustrated
embodiment of the vehicle 10 includes a charger 30 coupled to the rechargeable battery
system 18. Charger 30 has a connector 32 for connection to the external power source (e.g.,
an electric vehicle charging station).

[0030] Aucxiliary electric power source 20 can be any of a variety of electric power
sources. FIG. 2A, for example, illustrates the auxiliary electric power source 20 as including
an internal combustion engine 34 that drives a generator 36. The internal combustion engine
34 can, for example, be a gasoline or diesel fuel powered engine. A fuel source 38 for the
internal combustion engine 34 is shown in FIG. 2A. When driven by the internal combustion

engine 34, the generator 36 produces electrical power that can be coupled to the traction
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motor 12 by the power distribution system. The combination of the internal combustion
engine 34 and the generator 36 can be characterized as a genset 39. Alternatively or in
addition to the genset 39, FIG. 2B illustrates an embodiment of the auxiliary power source 20
that includes a fuel cell 40. Fuel cell 40 produces electrical power that can be coupled to the
traction motor 12 by the power distribution system 22. In embodiments, the power
distribution system 22 can couple the power from the auxiliary power source 20 directly to
the traction motor 12. Alternatively or in addition, in embodiments the power distribution
system 22 couples the power from the auxiliary power source 20 to the rechargeable battery
system 18 to recharge the rechargeable battery system.

[0031] Although only one traction motor 12 is shown in FIG. 1, other embodiments
include more than one traction motor. Known or otherwise conventional mechanical transfer
mechanisms, including for example clutches, torque converters and transmissions, can be
used to couple the one or more traction motors 12 to the wheels 14. Plug-in electric vehicle
12 can take any of wide variety of known or otherwise conventional configurations. For
example, embodiments including the internal combustion engine 34 and generator 36 can be
configured as plug-in hybrid electric vehicles and range extended electric vehicles. These
and other embodiments can be configured as parallel hybrids, series hybrids, and series-
parallel hybrids.

[0032] When plug-in electric vehicles such as 10 with an auxiliary power source 20
depart from a “home” location or base at the beginning of a trip or “mission,” they can be
fully charged and/or fueled and therefore have a predetermined or fixed amount of energy
onboard. This fixed amount of energy can, for example, be in the form of a fully charged
rechargeable battery system 18 and one or both of a full fuel source 38 (e.g., gasoline, diesel
or natural gas) in embodiments including a genset 39 and a full fuel cell 40 in embodiments
including such a fuel cell. The vehicle 10 is also configured for operation in a first, normal
and typically optimized manner based on a variety of parameters such as performance,
driving range and/or energy consumption. Under this basis, lesser constraints on energy
consumption may be considered wasteful and harmful to the economics of the enterprise of
operating the vehicle. For example, greater constraints on parameters such as performance
may make the drivability undesirable and diminish operator acceptance of the vehicle 10.
This optimized operation of the vehicle 10 can be characterized in part by operating mode
features provided by the controller 24. For example, these operating mode features of the
controller 24 can characterize the relationship between inputs provided by the operator, such

as an amount of acceleration commanded by the operator through the accelerator 26, and the
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amount of electrical power to be delivered to the motor 12 in response to those operator
inputs. In embodiments, controller 24 operates in a first or normal mode characterizing a first
or normal relationship between those operator inputs and the amount of power delivered to
the motor 12 in response to those inputs.

[0033] Operators of the vehicle 10 expect that the vehicle will have sufficient energy
to complete its trip or mission and to return to the home base with either the power provided
by the fully charged and/or fueled on-board electrical power sources 17, or with any available
or expected recharging and/or refueling events during the mission. Those recharging or
refueling events may for example, be relatively brief or longer recharging of the rechargeable
battery system 18 at a charging station, the refueling of fuel source 38 at a fuel station, or
refueling or replacing the fuel cell 40. However, there may be any of a number of vehicle
operating conditions that occur during the trip, referred to herein generally as “faults” or
“failures,” that may result in limitations on the amount of energy available on board the
vehicle. These vehicle operating conditions can include conditions indicating power
limitations of the rechargeable battery system 18 and/or the auxiliary power source 20.
Nonlimiting examples of such vehicle failure conditions include (1) the failure or inability to
recharge the rechargeable battery system 18 at an expected stop during the mission at a
charging station, (2) the failure or inability to refuel the fuel source 38 and/or fuel cell 40 at
an expected stop during the mission, (3) unexpected low fuel availability in the fuel source 38
and/or fuel cell 40, (4) unexpected or other faults in the rechargeable battery system 18,
internal combustion engine 34, generator 36 and/or fuel cell 40, and (5) other conditions
identified by the operator that cause the operator to be concerned about the availability of
sufficient energy capacity to complete the mission (i.e., “get home” capability).

[0034] In response to the identification of these or other failure events, vehicle 10
operates in a manner that results in a lower rate of power consumption to enhance the range
of the vehicle and provide get home capability. Operation in this manner typically places
constraints on the operation of the vehicle 10 with respect to the optimized operating
characteristics of the vehicle (e.g., reduced drivability). Such additional constraints may not
be acceptable in connection with normal operation and performance of the vehicle, but are a
“lesser evil” and acceptable if get home capability is at risk. Under these circumstances the
drivability of the vehicle is temporarily reduced to enhance the get home capability.

[0035] In embodiments, the get home capability of vehicle 10 is enhanced in response
to the identification of a failure event by derating the performance of the vehicle in a manner

that will enhance the range of the vehicle (i.e., by operating the vehicle in a less than
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performance-optimized manner). In embodiments, the derates for enhanced get home
capability can be achieved by operating the vehicle in any of one or more second or derated
operating modes provided by controller 24. For example, by these operating modes the
controller 24 can characterize the relationship between inputs provided by the operator, such
as an amount of acceleration commanded by the operator through the accelerator 26, and the
amount of electrical power to be delivered to the motor 12 in response to those operator
inputs. In embodiments, the controller 24 operates in second or derate operating modes
characterizing second or derate relationships between those operator inputs and the amount of
power delivered to the motor 12 in response to those inputs.

[0036] Referring back to FIG. 1, embodiments of vehicle 10 can be seen to also
include a controller 24 having a processor 50 and memory 52. The memory 52 stores data
representative of power control relationships between the operator inputs and the amount of
power to be applied to the traction motor 12 by the power distribution system 22. In
particular, the memory 52 can store data representative of or characterizing a number of
different power control relationships corresponding to different operating modes for the
vehicle 10 and controller 24 (e.g., the normal and derate modes). Processor 50 processes the
inputs received by the controller 24 (e.g., from the failure sensors 28, operator inputs such as
accelerator 26 and others described herein) as a function of or based on the stored power
control relationships, and produces the traction power control signals. The power distribution
system 22 includes conventional or otherwise known components such as inverters and
switches 54, and controls the flow of electric power from the rechargeable battery system 18
and/or the auxiliary power source 20 to the traction motor 12 as a function of or based on the
received traction control power signals. A power source monitoring system 56 couples the
on-board power sources 17 to controller 24, and provides inputs to the controller
representative of parameters such as the charge levels of the rechargeable battery system 18
and/or auxiliary power source 20, and/or the power consumption, depletion rate or flow of
energy from those on-board sources. Sensors providing information representative of vehicle
characteristics or parameters to the controller 24 include vehicle weight sensor 60 and vehicle
speed sensor 62.

[0037] FIG. 3 illustrates examples of failure sensors 28 that can be coupled to the
controller 28. As shown, embodiments include a global positioning system (GPS) or other
sensor 70 providing the controller 24 with information about the then-current location of the
vehicle 10. Embodiments include charge level sensors 72 for monitoring the charge levels of

rechargeable battery system 18 and/or fuel cell 40, and fuel level sensors 74 for monitoring
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the fuel level in fuel source 38 and/or fuel cell 40. Knowing the current vehicle location, and
other information such as charge and/or fuel levels and the locations of expected recharge
and/or refuel events during the mission (which can, for example, be stored in the memory
52), controller 14 can determine whether expected recharge or refuel events at certain
locations occurred as planned. The failure or inability to recharge the rechargeable battery
system 18 and/or fuel cell 40, and/or the failure or inability to refuel the fuel source 30 and/or
fuel cell 40 at expected stops can be identified as failure events. Fault sensors 76 monitor the
operation of the rechargeable battery system 18, internal combustion engine 34, generator 36
and/or fuel cell 40 and identify faults in the operation of those components as failure events.
A switch 78 can be actuated by the operator of the vehicle 10 to manually identify a failure
event if the operator is concerned about whether the on-board power sources 17 have
sufficient energy to provide the vehicle with get home capability (e.g., in the absence of
refueling or recharging).

[0038] FIG. 4A is a graphical representation of an exemplary normal or baseline
mode power control relationship for the vehicle 10. The power control relationship of FIG.
4A can be the optimized power control relationship for the vehicle 10, and can be the
relationship used for vehicle operation in the absence of the identification of any failure
events such as those provided by failure sensors 28. In response to the operator control
inputs such as requested acceleration and/or braking, the controller 24 generates power
control signals that causes the power distribution system 22 to apply power to the motor 12 in
accordance with the illustrated relationship. Parameters for achieving the illustrated normal
power control relationship can be stored in the memory 52 of controller 24.

[0039] FIGs. 4B, 4C and 4D are graphical examples of various modeled performance
parameters of a vehicle 10 operated using the normal or baseline power control relationship
of FIG. 4A over a period of time corresponding to a vehicle trip or mission in response to a
first series of operator inputs over the mission. In particular, FIG. 4B illustrates examples of
the instantaneous power applied to the motor 12 at various times throughout the mission, and
FIG 4D illustrates the speed achieved by the vehicle at the corresponding times. Negative
power consumption represents the effects of regenerative braking. FIG. 4C represents the
state of charge (SOC) of the on-board energy sources 17 of the vehicle 10 at the various
corresponding times throughout the mission. As shown in FIG. 4C, by this example the on-
board energy sources 17 were depleted by 28% during the mission.

[0040] FIG. 5A is a graphical representation of an exemplary driveline torque limit

derate mode power control relationship for vehicle 10 in accordance with embodiments. For
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purposes of illustration, the torque limit derate mode power control relationship is shown in
FIG. 5A with reference to the normal power control relationship (from FIG. 4A). In response
to the operator control inputs such as requested acceleration and braking, the controller 24
generates power control signals that cause the power distribution system 24 to apply power to
the motor 12 in accordance with the illustrated relationship that is more limited (i.e., derated)
with respect to the normal power control relationship. Parameters for achieving the
illustrated torque limited power control relationship can be stored in the memory 52 of
controller 24.

[0041] FIGs. 5B, 5C and 5D are graphical examples of modeled instantaneous power,
state of charge (SOC) and speed performance parameters of a vehicle 10 operated using the
torque limited power control relationship of FIG. 5A over a period of time corresponding to a
vehicle trip or mission in response to the series of operator inputs over the mission used in
connection with the example shown in FIGs. 4A-4D. As shown in FIG. 5C, by this example
the on-board energy sources 17 were depleted by 20% during the trip. This represents a
saving or conservation of about 8% of the energy of the on-board sources 17 over the power
that would have been consumed during operation of the vehicle 10 in the normal mode.
Because limiting torque has a more severe impact at higher speeds, the use of this torque
limit derate mode may be suitable for vehicles with a transmission (i.e., less wheel torque in
higher gears).

[0042] FIG. 6A is a graphical representation of an exemplary vehicle acceleration
limit derate mode power control relationship for vehicle 10 in accordance with embodiments.
For purposes of illustration, the acceleration limit derate mode power control relationship is
shown in FIG. 6A with reference to the normal power control relationship. In response to the
operator control inputs such as requested acceleration and braking, the controller 24 generates
power control signals that cause the power distribution system 24 to apply power to the motor
12 in accordance with the illustrated relationship that is more limited (i.e., derated) with
respect to the normal power control relationship. Parameters for achieving the illustrated
acceleration limited power control relationship can be stored in the memory 52 of controller
24,

[0043] FIGs. 6B, 6C and 6D are graphical examples of modeled instantaneous power,
state of charge (SOC) and speed performance parameters of a vehicle 10 operated using the
acceleration limited power control relationship of FIG. 6A over a period of time
corresponding to a vehicle trip or mission in response to the series of operator inputs over the

mission used in connection with the example shown in FIGs. 4A-4D. A maximum vehicle

10



WO 2021/061931 PCT/US2020/052416

acceleration rate is shown for purposes of example in FIG. 6D. As shown in FIG. 6C, by this
example the on-board energy sources 17 were depleted by 24% during the trip. This
represents a saving or conservation of about 4% of the energy of the on-board sources 17
over the power that would have been consumed during operation of the vehicle 10 in the
normal mode.

[0044] Each derate mode power control relationship can include a range or set of
power control relationships based on other vehicle parameters. For example, FIG. 7 is a
graphical representation of exemplary vehicle acceleration limit derate power control
relationships for vehicle 10 that is based on vehicle weight (e.g., as monitored by sensor 60)
in accordance with embodiments. As shown, in this example, the controller 24 causes lesser
amounts of power to be applied to the motor 12 in response to the same requested vehicle
acceleration with increasing weight of the vehicle 10. Stated differently, for the same amount
or requested acceleration input, the controller 24 will cause lesser amounts of power to be
applied to the motor 12 for a heavier vehicle 10 that a lighter vehicle.

[0045] FIG. 8A is a graphical representation of an exemplary battery SOC (state of
charge) limit derate mode power control relationship for vehicle 10 in accordance with
embodiments. For purposes of illustration, the SOC limit derate mode power control
relationship is shown in FIG. 8 A with reference to the normal SOC power control
relationship. In response to the operator control inputs such as requested acceleration and
braking, the controller 24 generates power control signals that cause the power distribution
system 24 to apply power to the motor 12 in accordance with the illustrated relationship that
is more limited (i.e., derated) with respect to the normal power control relationship.
Parameters for achieving the illustrated acceleration limited power control relationship can be
stored in the memory 52 of controller 24.

[0046] FIGs. 8B, 8C and 8D are graphical examples of modeled instantaneous power,
state of charge (SOC) and speed performance parameters of a vehicle 10 operated using the
SOC limited power control relationship of FIG. 8A over a period of time corresponding to a
vehicle trip or mission in response to the series of operator inputs over the mission used in
connection with the example shown in FIGs. 4A-4D. As shown in FIG. 8C, by this example
the on-board energy sources 17 were depleted by 21% during the trip. This represents a
saving or conservation of about 7% of the energy of the on-board sources 17 over the power
that would have been consumed during operation of the vehicle 10 in the normal mode. As is

also shown FIG. 8C, the maximum battery usage rate is effectively a power limit. In the
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illustrated embodiment, the SOC limits apply to battery discharge, and charging rates are not
limited.

[0047] FIG. 9A is a graphical representation of an exemplary vehicle speed limit
derate mode power control relationship for vehicle 10 in accordance with embodiments. For
purposes of illustration, the speed limit derate mode power control relationship is shown in
FIG. 9A with reference to the normal power control relationship. In response to the operator
control inputs such as requested acceleration and braking, the controller 24 generates power
control signals that cause the power distribution system 24 to apply power to the motor 12 in
accordance with the illustrated relationship that is more limited (i.e., derated) with respect to
the normal power control relationship. Parameters for achieving the illustrated speed limited
power control relationship can be stored in the memory 52 of controller 24.

[0048] FIGs. 9B, 9C and 9D are graphical examples of modeled instantaneous power,
state of charge (SOC) and speed performance parameters of a vehicle 10 operated using the
speed limited power control relationship of FIG. 9A over a period of time corresponding to a
vehicle trip or mission in response to the series of operator inputs over the mission used in
connection with the example shown in FIGs. 4A-4D. A maximum vehicle speed is shown for
purposes of example in FIG. 9D. As shown in FIG. 9C, by this example the on-board energy
sources 17 were depleted by 19% during the trip. This represents a saving or conservation of
about 9% of the energy of the on-board sources 17 over the power that would have been
consumed during operation of the vehicle 10 in the normal mode. Limiting vehicle speed
can, for example, avoid relatively high and unrecoverable power losses associated with
aerodynamic drag at relatively high vehicle speeds. A maximum vehicle speed is shown in
the illustrated examples.

[0049] Additional embodiments using vehicle weight as a basis for derate mode
operation can be described with reference to FIGs. 10A -10D. FIG. 10A is a graphical
representation of a maximum power limited derate mode power control relationship for
vehicles 10 in accordance with embodiments, which can be used on vehicles of different
weights (e.g., a 40,000 kg vehicle and a 20,000 kg vehicle). FIGs. 10B, 10C and 10D
illustrate graphical examples of modeled instantaneous power, state of charge (SOC) and
speed performance parameters for both a 40,000 kg vehicle and a 20,000 kg vehicle operated
using the maximum power limited power control relationship of FIG. 10A over a period of
time corresponding to vehicle trips or missions in response to the series of operator inputs
over the mission used in connection with the example shown in connection with FIGs. 4A-

4D. Asillustrated in FIG. 10C, the lighter, 20,000 kg vehicle had a 19% net power depletion
12
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over the trip, an amount that was less than the power depletion of the heavier, 40,000 kg
vehicle. As illustrated in FIG. 10D, the vehicle weight independent power limit mode allows
the lighter vehicle to accelerate harder and drive faster.

[0050] FIG. 11A is a graphical representation of exemplary weight-based maximum
power limit derate mode power control relationships for vehicles 10 in accordance with
embodiments. For purposes of illustration, the maximum power limit derate mode power
control relationships are shown in FIG. 11A with reference to the normal power control
relationship of FIG. 4A. In response to the operator control inputs such as requested
acceleration and braking, the controller 24 generates power control signals that cause the
power distribution system 24 to apply power to the motor 12 in accordance with the
illustrated relationships that are more limited (i.e., derated) with respect to the normal power
control relationship and based in the weight of the vehicle (e.g., as measured by sensor 60).
Parameters for achieving the illustrated weight-based maximum power limited power control
relationship can be stored in the memory 52 of controller 24. FIG. 11A illustrates power
control relationships for a 40,000 kg vehicle (having a 150 kW power limit) and a 20,000 kg
vehicle (having a 75 kW power limit) for purposes of example, but other embodiments
include different power control relationships for vehicles of different weights.

[0051] FIGs. 11B, 11C and 11D are graphical examples of modeled instantaneous
power, state of charge (SOC) and speed performance parameters of vehicles such as 10
operated using the maximum limited power control relationships of FIG. 11A over a period
of time corresponding to a vehicle trip or mission in response to the series of operator inputs
over the mission used in connection with the example shown in FIGs. 4A-4D. As shown in
FIG. 11C, by this example the on-board energy sources 17 were depleted by 16% by the
20,000 kg vehicle during the trip. This represents a saving or conservation of about 12% of
the energy of the on-board sources 17 over the power that would have been consumed during
operation of the vehicle 10 in the normal mode. As shown by FIG. 11D, weight-based power
limits save more energy and result in drivability of the lighter (e.g., 20,000 kg) vehicle no
worse than the heavier (e.g., 40,000 kg) vehicle.

[0052] The described embodiments offer important advantages. For example, they
provide enhanced get-home capability and reduce the likelihood of stranded vehicles when
certain fault conditions are identified.

[0053] In embodiments, the controller 24 can comprise a processor, a controller, a
digital logic circuit, and a computer. The controller 24 can comprise or be coupled to

memory (volatile memory such as RAM, and non-volatile memory such as, a magnetic

13
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memory, a ROM and a EEPROM), a communication interface (such as on-board diagnostics
(OBD-II), an input (such as switches, keypad, trackpad, and the like) and an output (such as a
display). The controller 24 also may comprise a communication module for sending
messages and signals to and receiving messages and signals back from a fleet or back office.
The communication module can be capable to communication over one or more wireless or
wired technologies. For example, the communication module can be capable of
communicating over WiFi, Bluetooth, cellular network, satellite network and the like.

[0054] It is to be understood that the above description is intended to be illustrative,
and not restrictive. Many other embodiments will be apparent to those of skill in the art upon
reading and understanding the above description. For example, it is contemplated that
features described in association with one embodiment are optionally employed in addition or
as an alternative to features described in associate with another embodiment. The scope of the
invention should, therefore, be determined with reference to the appended claims, along with

the full scope of equivalents to which such claims are entitled.
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CLAIMS

What is claimed is:

I. A plug-in electric vehicle, comprising:
a traction motor;
a rechargeable battery system including one or more batteries;
a charger coupled to the rechargeable battery system and connectable to an external
electrical source to recharge the rechargeable battery system;
an auxiliary electric power source;
a power distribution system responsive to power control signals to controllably couple
electric power from the rechargeable battery system and the auxiliary electric
power source to the traction motor;
one or more operator controls to provide operator vehicle control signals;
one or more failure sensors, each sensor identifying a vehicle condition indicating a
battery charge limitation and providing failure signals representative of the
battery charge limitation; and
a controller coupled to the power distribution system, the one or more operator
controls and the one or more failure sensors, the controller configured to
produce the power control signals and to operate in a normal or first mode and
a derate or second mode, wherein:
the controller produces normal or first traction power control signals in
response to the operator control signals during operation in the normal
mode, and wherein power of the rechargeable battery system and/or
the auxiliary electric power source are depleted at a first rate during
operation of the vehicle when the controller is operating in the normal
mode; and

in response to the failure signals, the controller produces derated or second
traction power control signals in response to the operator control
signals during operation in the derate mode, wherein power of the
rechargeable battery system and/or the auxiliary electric power source
are depleted at a second rate during operation of the vehicle when the

vehicle controller is operating in the derate mode, and wherein the
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second rate is less than the first rate to conserve the power of the

rechargeable battery system and/or the auxiliary power source.

2. The plug-in electric vehicle wherein the auxiliary power source includes one
or both of:
a genset including an internal combustion engine and a generator driven by the
internal combustion engine; or

a fuel cell.

3. The plug-in electric vehicle of claim 1 wherein the one or more failure sensors
comprise one or more of (1) an operator actuated switch that can be used by an operator to
“manually” command operation in the derate mode, (2) a sensor indicating low fuel for an
internal combustion engine coupled to a generator, (3) a sensor indicating a generator fault,
(4) a sensor indicating an internal combustion engine fault, (5) a sensor indicating a failure to
recharge the rechargeable battery system via the charger, or (6) a sensor indicating a failure

of the rechargeable battery system, or (7) a failure of a fuel cell.

4. The plug-in electric vehicle of claim 3 wherein the derate mode operation
includes a drive line torque limit mode, wherein during the drive line torque limit mode the
controller operates the traction motor to cause the vehicle to operate at limited acceleration

rates and/or limited speeds.

5. The plug-in electric vehicle of claim 3 wherein the derate mode operation
includes a vehicle acceleration limit mode, wherein during the vehicle acceleration limit
mode the controller operates the traction motor to cause the vehicle to operate at limited

acceleration rates.

6. The plug-in electric vehicle of claim 5 wherein the vehicle further includes a
weight sensor coupled to the controller, and wherein during the vehicle acceleration limit
mode the controller causes an amount of electric power delivered to the traction motor to be

based on vehicle weight.

7. The plug-in electric vehicle of claim 3 wherein the derate mode operation

includes a battery discharge rate limit mode, wherein during the battery discharge rate limit
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mode the controller operates the motor to limit a discharge rate of the rechargeable battery

system, and/or to limit the discharge rate of a fuel cell.

8. The plug-in electric vehicle of claim 7 wherein the vehicle further includes a

battery power consumption sensor coupled to the controller.

0. The plug-in electric vehicle of claim 3 wherein the derate mode operation
includes a speed limit mode, wherein during the speed limit mode the controller operates the

traction motor to cause the vehicle to operate at limited speeds.

10.  The plug-in electric vehicle of claim 9 wherein the vehicle further includes a

speed sensor coupled to the vehicle controller.

11. A method for controlling the distribution of power to a traction motor in a
plug-in electric vehicle having a plurality of on-board sources of electric power that can be
transferred to the traction motor, comprising:

receiving an operator control input;

sensing one or more vehicle failure conditions indicating a charge limitation of the

plurality of on-board sources of power;

distributing power from one or more of the plurality of on-board sources of power to

the traction motor at a first or normal power control relationship in response to
the operator control input during operation in a first or normal mode in the
absence of vehicle failure conditions, wherein power of the one or more on-
board sources of power is depleted at a first rate during operation of the
vehicle during operation in the first or normal mode; and

distributing power from one or more of the plurality of on-board sources of power to

the traction motor at a second or derate power control relationship in response
to the operator control input during operation in a second or derate mode in
response to a sensed vehicle failure condition, wherein power of the one or
more on-board sources of power is depleted at a second rate during operation
of the vehicle during operation in the second or derate mode, and wherein the
second rate is less than the first rate to conserve the power of the one or more

on-board sources of power.

17



WO 2021/061931 PCT/US2020/052416

12.  The method of claim 11 wherein the derate mode is a drive line torque limit
mode, and wherein during the drive line torque limit mode power is distributed to the traction

motor to cause the vehicle to operate at limited acceleration rates and/or limited speeds.

13. The method of claim 11 wherein the derate mode is a vehicle acceleration
limit mode, and wherein during the vehicle acceleration limit mode power is distributed to

the traction motor to cause the vehicle to operate at limited acceleration rates.

14. The method of claim 13 wherein during the vehicle acceleration limit mode

power is distributed to the traction motor based on vehicle weight.

15. The method of claim 11 wherein the derate mode is a battery discharge rate
limit mode, and wherein during the battery discharge rate limit mode power is distributed to
the traction motor to limit a discharge rate of one or more of the on-board sources of electric

power.

16. The method of claim 11 wherein the derate mode is a speed limit mode, and
wherein during the speed limit mode power is distributed to the traction motor to cause the

vehicle to operate at limited speeds.

17. The method of claim 11 for controlling the distribution of power to a traction
motor in a plug-in electric vehicle including a rechargeable battery system including one or
more batteries, and an auxiliary electric power source comprising one or both of a genset
including an internal combustion engine and a generator driven by the internal combustion

engine, or a fuel cell.

18. The method of claim 17 wherein sensing one or more vehicle failure
conditions comprises one or more of (1) sensing a manual derate mode operation command,
(2) sensing a low fuel condition, wherein the fuel is used to power a genset, (3) sensing a
generator fault condition, (4) sensing an internal combustion engine fault, wherein the
internal combustion engine is a component of a genset, or (5) a battery system recharge fault

condition.
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19.  The method of claim 11 wherein sensing one or more vehicle failure
conditions comprises one or more of (1) sensing a manual derate mode operation command,
(2) sensing a low fuel condition, wherein the fuel is used to power a genset, (3) sensing a
generator fault condition, (4) sensing an internal combustion engine fault, wherein the
internal combustion engine is a component of a genset, or (5) a battery system recharge fault

condition.

20. A controller for controlling the distribution of power to a traction motor in a
plug-in electric vehicle having a plurality of on-board sources of electric power, comprising;

distributing power from the one or more of the plurality of on-board sources of power
to the traction motor at a first or normal power control relationship in response
to an operator control input during operation in a first or normal mode,
wherein power of the one or more on-board sources of power is depleted at a
first rate during operation of the vehicle in the first or normal mode; and

distributing power from the one or more of the plurality of on-board sources of power
to the traction motor at a second or derate power control relationship in
response to the operator control input during operation in a second or derate
mode to a sensed vehicle failure condition, wherein power of the one or more
on-board sources of power is depleted at a second rate during operation of the
vehicle during operation in the second or derate mode, and wherein the second
rate 1s less than the first rate to conserve the power of the one or more on-

board sources of power.
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AMENDED CLAIMS
received by the International Bureau on 12 February 2021 (12.02.2021)

A plug-in electric vehicle, comprising:
one or more electric traction motors coupled to a wheel as the sole source of motive
power for the vehicle;
a rechargeable battery system including one or more batteries;
a charger coupled to the rechargeable battery system and connectable to an external
electrical source to recharge the rechargeable battery system,;
an auxiliary electric power source;
a power distribution system responsive to power control signals to controllably couple
electric power from the rechargeable battery system and the auxiliary electric
power source to the one or more electric traction motors;
one or more operator controls to provide operator vehicle control signals;
one or more failure sensors, each sensor identifying a vehicle condition indicating a
battery charge limitation and providing failure signals representative of the
battery charge limitation; and
a controller coupled to the power distribution system, the one or more operator
controls and the one or more failure sensors, the controller configured to
produce the power control signals and to operate the one or more electric
traction motors in a normal or first mode and a derate or second mode,
wherein:
the controller produces normal or first traction power control signals in
response to the operator control signals during operation in the normal
mode, and wherein power of the rechargeable battery system and/or
the auxiliary electric power source are depleted by the one or more
electric traction motors at a first rate during operation of the vehicle
when the controller is operating in the normal mode; and

in response to the failure signals, the controller produces derated or second
traction power control signals in response to the operator control
signals during operation in the derate mode, wherein power of the
rechargeable battery system and/or the auxiliary electric power source
are depleted by the one or more electric traction motors at a second
rate during operation of the vehicle when the vehicle controller is

operating in the derate mode, and wherein the second rate is less than

AMENDED SHEET (ARTICLE 19)
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the first rate to conserve the power of the rechargeable battery system

and/or the auxiliary power source.

2. The plug-in electric vehicle wherein the auxiliary power source includes one
or both of:
a genset including an internal combustion engine and a generator driven by the
internal combustion engine; or

a fuel cell.

3. The plug-in electric vehicle of claim 1 wherein the one or more failure sensors
comprise one or more of (1) an operator actuated switch that can be used by an operator to
“manually” command operation in the derate mode, (2) a sensor indicating low fuel for an
internal combustion engine coupled to a generator, (3) a sensor indicating a generator fault,
(4) a sensor indicating an internal combustion engine fault, (5) a sensor indicating a failure to
recharge the rechargeable battery system via the charger, or (6) a sensor indicating a failure

of the rechargeable battery system, or (7) a failure of a fuel cell.

4. The plug-in electric vehicle of claim 3 wherein the derate mode operation
includes a drive line torque limit mode, wherein during the drive line torque limit mode the
controller operates the traction motor to cause the vehicle to operate at limited acceleration

rates and/or limited speeds.

5. The plug-in electric vehicle of claim 3 wherein the derate mode operation
includes a vehicle acceleration limit mode, wherein during the vehicle acceleration limit
mode the controller operates the traction motor to cause the vehicle to operate at limited

acceleration rates.

6. The plug-in electric vehicle of claim 5 wherein the vehicle further includes a
weight sensor coupled to the controller, and wherein during the vehicle acceleration limit
mode the controller causes an amount of electric power delivered to the traction motor to be

based on vehicle weight.

7. The plug-in electric vehicle of claim 3 wherein the derate mode operation

includes a battery discharge rate limit mode, wherein during the battery discharge rate limit

AMENDED SHEET (ARTICLE 19)
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mode the controller operates the motor to limit a discharge rate of the rechargeable battery

system, and/or to limit the discharge rate of a fuel cell.

8. The plug-in electric vehicle of claim 7 wherein the vehicle further includes a

battery power consumption sensor coupled to the controller.

9. The plug-in electric vehicle of claim 3 wherein the derate mode operation
includes a speed limit mode, wherein during the speed limit mode the controller operates the

traction motor to cause the vehicle to operate at limited speeds.

10.  The plug-in electric vehicle of claim 9 wherein the vehicle further includes a

speed sensor coupled to the vehicle controller.

11. A method for controlling the distribution of power to one or more electric
traction motors in a plug-in electric vehicle motively powered solely by the one or more
electric traction motors and having a plurality of on-board sources of electric power that can
be transferred to the one or more electric traction motors, comprising:

motively driving all wheels of the vehicle by the one or more electric traction motors;

receiving an operator control input;

sensing one or more vehicle failure conditions indicating a charge limitation of the

plurality of on-board sources of power;

distributing power from one or more of the plurality of on-board sources of electric

power to the one or more electric traction motors at a first or normal power
control relationship in response to the operator control input during operation
in a first or normal mode in the absence of vehicle failure conditions, wherein
power of the one or more on-board sources of power is depleted at a first rate
during operation of the vehicle during operation in the first or normal mode;
and

distributing power from one or more of the plurality of on-board sources of electric

power to the one or more electric traction motors at a second or derate power
control relationship in response to the operator control input during operation
in a second or derate mode in response to a sensed vehicle failure condition,

wherein power of the one or more on-board sources of power is depleted at a

second rate during operation of the vehicle during operation in the second or

AMENDED SHEET (ARTICLE 19)
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derate mode, and wherein the second rate is less than the first rate to conserve

the power of the one or more on-board sources of power.

12.  The method of claim 11 wherein the derate mode is a drive line torque limit
mode, and wherein during the drive line torque limit mode power is distributed to the traction

motor to cause the vehicle to operate at limited acceleration rates and/or limited speeds.

13. The method of claim 11 wherein the derate mode is a vehicle acceleration
limit mode, and wherein during the vehicle acceleration limit mode power is distributed to

the traction motor to cause the vehicle to operate at limited acceleration rates.

14.  The method of claim 13 wherein during the vehicle acceleration limit mode

power is distributed to the traction motor based on vehicle weight.

15. The method of claim 11 wherein the derate mode is a battery discharge rate
limit mode, and wherein during the battery discharge rate limit mode power is distributed to
the traction motor to limit a discharge rate of one or more of the on-board sources of electric

power.

16. The method of claim 11 wherein the derate mode is a speed limit mode, and
wherein during the speed limit mode power is distributed to the traction motor to cause the

vehicle to operate at limited speeds.

17. The method of claim 11 for controlling the distribution of power to a traction
motor in a plug-in electric vehicle including a rechargeable battery system including one or
more batteries, and an auxiliary electric power source comprising one or both of a genset
including an internal combustion engine and a generator driven by the internal combustion

engine, or a fuel cell.

18. The method of claim 17 wherein sensing one or more vehicle failure
conditions comprises one or more of (1) sensing a manual derate mode operation command,
(2) sensing a low fuel condition, wherein the fuel is used to power a genset, (3) sensing a

generator fault condition, (4) sensing an internal combustion engine fault, wherein the
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internal combustion engine is a component of a genset, or (5) a battery system recharge fault

condition.

19.  The method of claim 11 wherein sensing one or more vehicle failure
conditions comprises one or more of (1) sensing a manual derate mode operation command,
(2) sensing a low fuel condition, wherein the fuel is used to power a genset, (3) sensing a
generator fault condition, (4) sensing an internal combustion engine fault, wherein the
internal combustion engine is a component of a genset, or (5) a battery system recharge fault

condition.

20. A controller for controlling the distribution of power to one or more electric
traction motors providing the sole source of motive power in a plug-in electric vehicle having
a plurality of on-board sources of electric power, comprising:

distributing power from the one or more of the plurality of on-board sources of

electric power to the traction motor at a first or normal power control
relationship in response to an operator control input during operation in a first
or normal mode, wherein power of the one or more on-board sources of power
is depleted at a first rate during operation of the vehicle in the first or normal
mode; and

distributing power from the one or more of the plurality of on-board sources of

electric power to the traction motor at a second or derate power control
relationship in response to the operator control input during operation in a
second or derate mode to a sensed vehicle failure condition, wherein power of
the one or more on-board sources of power is depleted at a second rate during
operation of the vehicle during operation in the second or derate mode, and
wherein the second rate is less than the first rate to conserve the power of the

one or more on-board sources of power.
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