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(57) Abstract: An intelligent charge limit for high voltage battery charging provides increased e-motor regeneration and reduced
application of the foundation brake system of an electric vehicle. A plurality of data factors are used to calculate a maximum charge
percentage. The maximum charge percentage is used to ensure there is enough charging capacity in a battery to store electrical current
generated by an e-motor during downhill travel. The intelligent charge limit also provides an operator of the electric vehicle, the option
of changing the charge limit to ensure that the battery receives the maximum electrical current generated by an e-motor, during downhill
travel. The operator may also double plug a charging gun to eliminate a state of charge routine from considering offsetting the operator

charging percentage by the plurality of data factors.
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INTELLIGENT CHARGE LIMIT FOR HIGH VOLTAGE BATTERIES

REFERENCE TO RELATED APPLICATIONS
This patent application claims benefit of United States Patent Application Number

17/858,742, filed on July 6, 2022. That patent application is incorporated herein in its

entirety by this reference.

FIELD OF THE INVENTION
The present invention pertains to limiting the charge from an external charging source to

a high voltage battery of a vehicle.

RELATED ART

Charging capacity of high voltage batteries is limited to about 90% - 98% of a State of
Charge (SOC), which is a calibration set by an OEM. When the state of charge of the battery is
full, regeneration from an e-motor cannot function, because the electrical current generated by
the e-motor cannot be stored in the high voltage battery, unless there is a mechanism on the
vehicle to absorb it. Consequently, electrical current generated by the e-motor during downhill
travel is wasted, because it cannot be stored in the battery. Thus, regeneration brake force from
the e-motor cannot be used to slow down the vehicle. Further, if there is no heat dissipation
resistor hardware component to waste energy at the e-motor, the electrical current cannot be
stored in the battery and regeneration braking cannot occur. In this case, the foundation brakes
can only be used to slow down the vehicle. E-motor regeneration normally decreases
application of the foundation brakes.

Accordingly, there is a clearly felt need in the art for intelligently limiting charge of a
high voltage battery, which allows the charge limit to be modified according to the terrain

traveled by a vehicle; provide increased e-motor regeneration and reduce the number of
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applications of a foundation brake system; reduced risk of regeneration braking cut-out, reduced
time and operating expenses for charging from an external source and a vehicle operator to

change a maximum state of charge percentage.

SUMMARY

The present disclosure is an intelligent charge limit for high voltage battery charging,
which provides increased e-motor regeneration and reduced application of the foundation brake
system, reduced risk of regeneration braking cut-out and reduced time and operating expenses
for charging from an external source. The intelligent charge limit also provides an operator of an
electric vehicle powered by high voltage batteries and/or fuel cell systems the option of
changing a charge limit to ensure that the battery receives the maximum amount of electrical
current generated by an e-motor, during downhill travel. Less reliance on the foundation brake
will prevent overheating of the foundation brake system during a long downhill road segment in
the summertime. The intelligent charge limit will also prevent regeneration cutout, when the
battery has no more room to receive electrical current from the e-motor during downhill travel.
Less time will be spent at the charging station as a result of decreasing the maximum charge
limit of the battery. The intelligent charge limit is applied to heavy and medium duty vehicles
including school busses. The intelligent charge limit will not allow a charger gun to charge the
battery greater than a preset maximum charger percentage as determined by a charge routine
and/or an operator of the vehicle for anticipated downhill
segments in a travel route. The intelligent charge limit includes the benefits of reduced risk of
regeneration cutout; less time spent at a charging station; maximum use of regenerative braking;
fewer applications of the foundation brakes and reduced operating expenses for charging the

battery; and allowing an operator to change the maximum charge percentage.
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DESCRIPTION OF THE DRAWINGS

Figure 1 is a flow chart of intelligent charge limit for a high voltage battery in
accordance with the present invention.

Figure 2 is an illustration of a vehicle about to travel a route with multiple downbhill
segments.

Figure 3 is an illustration of upper and lower charge boundaries of an intelligent charge

limit for a high voltage battery in accordance with the present invention.

DETAILED DESCRIPTION

With reference now to the drawings, and particularly to figure 1, there is shown an
intelligent charge limit flow chart 10. An intelligent charge limit algorithm 5 receives data
inputs from a horizon map 12; a road grade sensor 14; and wheel torque and vehicle speed 16.
Horizon map data from the horizon map 12 will show if there is a future downhill road segment.
Based on the data inputs from the horizon map 12, the road grade sensor 14 and the wheel
torque and vehicle speed 16, the intelligent charge limit algorithm 5 will determine if and the
amount that the maximum charge limit should be reduced and thus adjust the maximum charge
limit accordingly. The road grade sensor 14 provides a slope of the terrain either positive or
negative. With reference to figure 2, accumulated travelling distance based on information from
the road grade sensor 14 will indicate whether the vehicle 100 is traveling on a relatively flat
road surface or not. A flat travel route will be determined by monitoring information from the
road grade sensor 14, vehicle speed, and using an up/down counter. The flat travel route will not
result in any adjustment to the state of charge limit.

Wheel torque and vehicle speed 16 are used to calculate an average percentage of energy
consumption and generation with regeneration for a duty cycle based on multiple trips for

highway and city cycles, utilizing a list of parameters stored in ECU, NVM or cloud to calculate
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the state of charge limit offset. A map state of charge limit factor 18 is calculated based on
horizon data provided by the horizon map 12. A grade state of charge limit factor 20 is
calculated based on data provided by the road grade sensor 14. A value of calculated average
energy consumed and generated 22 is generated from the wheel torque and vehicle speed 16. A
wheel state of charge limit factor 24 is calculated based on average energy consumed and
generated 22. With reference to figure 3, a state of charge routine 26 receives input from the
map state of charge limit factor 18, the grade state of charge limit factor 20 and the wheel state
of charge limit factor 24.

The map state of charge limit factor 18, the grade state of charge limit factor 20 and the
wheel state of charge limit factor 24 are all dynamic offset factors, which will change depending
upon the travel route 102. Further, the map state of charge limit factor 18, the grade state of
charge limit factor 20 and the wheel state of charge limit factor 24 are all dependent upon the
loading of the vehicle. An e-motor of a lightly loaded vehicle will produce less electrical current
output during downhill travel than a more heavily loaded vehicle. Consequently, a smaller
charge limit reduction would be appropriate. With reference to figure 3, the state of charge
routine 26 is also provided with preset upper and lower state of charge limit boundaries 28. It is
preferable to have a maximum high limit state of charge percentage and a minimum low limit
state of charge percentage. The maximum charge limit provides charging capacity in the high
voltage battery to receive electrical charge from regenerative braking. The minimum charge
limit prevents the customer from setting the state of charge limit percentage to low with a
customer programable parameter 30.

With reference to figure 3, the state of charge limit routine 26 receives input from the
vehicle operator through customer programmable parameter 30. The vehicle operator is allowed
to introduce a maximum charge limit based on their fixed vehicle operation route. The

maximum charge limit is preferably entered through a customer programmable parameter or



WO 2024/010644 PCT/US2023/023042

some type of human machine interface (HMI), which could be password protected. A fleet
manager can determine which drivers get access to the password. The minimum lower limit is
protected by the OEM to prevent a setting, which is too low. If the customer operates on a
relatively flat travel route, such as Illinois or Indiana, the maximum charge limit can be
programmed closer to the maximum charge boundary, such as 95%. However, if a customer
operates in a mountain terrain area, the state of charge limit percentage can be programmed to a
lower value, such as 80%, which will leave some room to charge the high voltage battery with
regenerative braking while travelling downhill. The 80% value will also ensure most of the
braking will derive from regeneration and not the foundation brake system. In addition, time
spent at the charging station will be less, since the customer does not need to wait until the high
voltage battery is charged to a percentage value in the high 90s. Approaching the maximum
charge limit of the high voltage battery takes longer than a lower percentage limit. Thus,
charging the high voltage battery to a lower limit will result in the customer spending less time
at the charging station 104.

In order to provide flexibility and convenience to customers, the customer
programmable parameter 30 will allow customers to override the dynamic offset factors during
charging at the charging station 104. Once charging is successfully completed to the customer
programmable parameter 30, operator needs to unplug a charger gun and plug it back to override
the dynamic offset factors 18, 20, 24. The operator can ensure that the customer programmable
parameter 30 overrides the dynamic offset factors 18, 20, 24 generated from the horizon map 12;
the road grade sensor 14; and the wheel torque and vehicle speed 16. The state of charge routine
26 receives input from the map state of charge limit factor 18, the grade state of charge limit
factor 20 and the wheel state of charge limit factor 24, the preset upper and lower state of charge
limit boundaries 28 and the customer programmable parameter 30 and outputs a dynamically

adjusting state of charge limit percentage. The state of charge routine 26 outputs a final
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maximum charge limit to a charging system 32.

While particular embodiments of the invention have been shown and described, it will
be obvious to those skilled in the art that changes and modifications may be made without
departing from the invention in its broader aspects, and therefore, the aim in the appended
claims is to cover all such changes and modifications as fall within the true spirit and scope of

the invention.
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What is claimed:

1. A method of providing an intelligent charge limit for a battery in a vehicle, comprising
the steps of’

utilizing at least one of horizon map data, a road grade sensor, wheel torque and vehicle
speed, said horizon map data includes data of downhill segments in a travel route, said road
grade sensor provides a slope of the travel route either positive or negative;

calculating dynamically a percentage of a maximum charge limit to create a dynamic
maximum charge limit for a battery based on at least one of said horizon map data, said road
grade sensor, wheel torque and vehicle speed,;

providing a minimum low boundary percentage charge limit and a high maximum
boundary percentage charge limit; and

combining said dynamic maximum charge limit with said high and low minimum

boundary percentage charge limit to define a maximum charge limit for charging the battery.

2. The method of providing an intelligent charge limit of claim 1, further comprising the
step of:
inputting data based on previous trips on the same travel route to calculate said

maximum charge limit.

3. The method of providing an intelligent charge limit of claim 1, further comprising the
step of:

utilizing weight of a vehicle to determine a charge limit percentage.
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4. A method of providing an intelligent charge limit for a battery in a vehicle, comprising
the steps of’

utilizing at least one of horizon map data, a road grade sensor, wheel torque and vehicle
speed, said horizon map data includes data of downhill segments in a travel route, said road
grade sensor provides a slope of the travel route either positive or negative;

calculating dynamically a percentage of a maximum charge limit to create a dynamic
maximum charge limit for a battery based on at least one of said horizon map data, said road
grade sensor, wheel torque and vehicle speed,;

inputting an operator maximum charge limit entered by a user;

offsetting said operator maximum charge limit with said dynamic maximum charge limit

to define a maximum charge limit for charging the battery.

5. The method of providing an intelligent charge limit of claim 4, further comprising the
step of:
providing a minimum low boundary percentage charge limit and a high maximum

boundary percentage charge limit as a reference.

6. The method of providing an intelligent charge limit of claim 5, further comprising the
step of:
using said high and low maximum boundary percentage charge limit for calculating said

maximum charge limit.
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7. The method of providing an intelligent charge limit of claim 6, further comprising the
step of:
entering said high and low maximum boundary percentage charge limit with one of a

customer programmable parameter or an HMI device.

8. The method of providing an intelligent charge limit of claim 4, further comprising the
step of:
inputting data based on previous trips on the same travel route to calculate said

maximum charge limit.

9. The method of providing an intelligent charge limit of claim 4, further comprising the
step of:

utilizing a weight of a vehicle to determine a charge limit percentage.

10. A method of providing an intelligent charge limit for a battery in a vehicle,
comprising the steps of:

utilizing at least one of horizon map data, a road grade sensor, wheel torque and vehicle
speed, said horizon map data includes data of downhill segments in a travel route, said road
grade sensor provides a slope of the travel route either positive or negative;

calculating dynamically a percentage of a maximum charge limit to create a dynamic
maximum charge limit for a battery based on at least one of said horizon map data, said road
grade sensor, wheel torque and vehicle speed,;

inputting an operator maximum charge limit entered by a user;

re-plugging a charge gun at a charge station to eliminate said dynamic maximum charge

limit from being used in calculating a maximum charge limit for charging the battery.
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11. The method of providing an intelligent charge limit of claim 9, further comprising
the step of:

inputting data based on previous trips on the same travel route.

12. The method of providing an intelligent charge limit of claim 11, further comprising
the step of:
providing a minimum low boundary percentage charge limit and a high maximum

boundary percentage charge limit as a reference.

13. The method of providing an intelligent charge limit of claim 12, further comprising
the step of:
using said high and low maximum boundary percentage charge limit for calculating said

maximum charge limit.

14. The method of providing an intelligent charge limit of claim 13, further comprising
the step of:
entering said high and low maximum boundary percentage charge limit with one of a

customer programmable parameter or an HMI device.

15. The method of providing an intelligent charge limit of claim 10, further comprising

the step of:

utilizing a weight of a vehicle to determine a charge limit percentage.

10
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