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(57) Abstract: A system includes a hybrid
power train having a combustion torque
device, an electrical torque device, a driv-
eline mechanically coupled to the torque
devices, a battery that exchanges energy
with the driveline, and a torque input de-
vice that provides a torque request. The
hybrid power train is at least partially par-
allel. The system includes a controller

having modules to execute operations for
rate control of the hybrid power train. A

battery protection module determines a
battery protection charge rate limit, a pow-
er train protection module determines a
power train protection torque change lim-
it, and a torque request module determines
the torque request. A rate control module
provides a torque balance parameter in re-

sponse to the limits and the torque request.
A torque control module provides an elec-
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trical torque and a combustion torque to
the driveline in response to the torque bal-
ance parameter.
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HYBRID POWER TRAIN RATE CONTROL

RELATED APPLICATIONS
This application is related to, and claims the benefit of, U.S. Patent
application 12/861,242 “HYBRID POWER TRAIN RATE CONTROL,” filed
August 23, 2010, which is incorporated herein by reference in the entirety for

all purposes.

BACKGROUND

The technical field generally relates to power systems having multiple
power input sources, in particular including a power source that is electrically
driven and has an electric power storage device. Systems having multiple
power sources experience different power train stress profiles than systems
having a single power source. Additionally, managing the stress profile for a
power train with multiple power sources is more complex depending upon the
application and duty cycle of the device having the power train. Further,
electrical power storage devices are subject to excessive wear and degradation
in certain applications. Therefore, further technological developments are

desirable in this area.
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SUMMARY
One embodiment is a unique system for rate control of a hybrid power
train system by controlling a torque contribution from in internal combustion
torque provider and a torque contribution from an electrical torque provider.
Other embodiments include unique methods, systems, and apparatus for rate
control of a hybrid power train system. Further embodiments, forms, objects,
features, advantages, aspects, and benefits shall become apparent from the

following description and drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram of a system for rate control of a hybrid
power train.
Fig. 2 is a schematic block diagram of an apparatus for rate control of a

hybrid power train.
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DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

For the purposes of promoting an understanding of the principles of the
invention, reference will now be made to the embodiments illustrated in the
drawings and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the invention is
thereby intended, any alterations and further modifications in the illustrated
embodiments, and any further applications of the principles of the invention as
illustrated therein as would normally occur to one skilled in the art to which
the invention relates are contemplated herein.

Referencing Fig. 1, a system 100 for rate control of a hybrid power train
is illustrated. The system includes a hybrid power train having a combustion
torque device 102 and an electrical torque device 104. The hybrid power train
illustrated in Fig. 1 is a parallel arrangement, where the combustion torque
device 102, the electrical torque device 104, or both may apply torque to a
driveline 106 to propel a vehicle 120 or otherwise meet a load demand.
However, the hybrid power train may be any arrangement understood in the
art that is at least partially parallel, including without limitation parallel or
series-parallel.

The driveline 106 is mechanically coupled to the combustion torque
device 102 and the electrical torque device 104. In the arrangement illustrated
in Fig. 1, a power splitter 116 receives power input from the combustion torque
device 102 or the electrical torque device 104, and can further provide power to
the devices 102, 104, for example to charge a battery 110 and/or to re-start the
engine 102 during operations. The battery 110 exchanges energy with the
driveline 106. A component 118 of the power train is shown. The exemplary
component 118 in Fig. 1 is an axle gear, but other components may be present,
including without limitation a transmission (which may be included within the
power splitter 116), a torque converter, a gear splitter, a differential, a deep
reduction gear, and/or any other device known in the art that is in the torque

path between either of the torque devices 102, 104 and a final load.
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The system 100 further includes a torque input device 112 that provides
a torque request. The torque input device 112 may be one or more of any type
of torque input device understood in the art. Non-limiting examples of torque
input devices 112 include an accelerator pedal providing an electronic or
mechanical position indication, a switch arranged to provide a torque input
request either as indicated by a switch position or calculated from the switch
position over time (e.g. ramped up or down with the switch position), a
continuous device to provide a torque input request (e.g. a dial, potentiometer,
meter, etc.), and/or a device that provides a feedback representing the torque
request (e.g. a device that automatically responds to an engine or vehicle speed
to provide a torque request consistent with reducing an offset in the speed
from a set point). The system 100 may include multiple torque input devices
112 that may provide torque requests sequentially, selectively, or in parallel.

The system 100 further includes a controller 114 structured to perform
certain operations to perform rate control in a hybrid power train. In certain
embodiments, the controller 114 forms a portion of a processing subsystem
that includes one or more computing devices each having memory, processing,
and/or communication hardware. The controller 114 may be a single device or
a distributed device, and the functions of the controller 114 may be performed
by hardware and/or software.

The controller 114 includes one or more modules structured to
functionally execute the operations of the controller 114. The controller 114
includes a battery protection module, a power train protection module, a
torque request module, a rate control module, and a torque control module.
The battery protection module determines a battery protection charge rate
limit, the power train protection module determines a power train protection
torque change limit, and the torque request module determines the torque
request from the torque input device 112. The rate control module provides a
torque balance parameter in response to the limits and the torque request, and

the torque control module provides an electrical torque and a combustion
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engine torque in response to the torque balance parameter. In certain
embodiments, the controller 114 further includes a priority determination
module, which determines a responsiveness priority value (RPV), and the rate
control module further determines the torque balance parameter in response
to the RPV.

The description herein including modules emphasizes the structural
independence of the aspects of the controller, and illustrates one grouping of
operations and responsibilities of the controller. Other groupings that execute
similar overall operations are understood within the scope of the present
application. Modules may be implemented in hardware and/or software on
computer readable medium, and modules may be distributed across various
hardware or software components. More specific descriptions of certain
embodiments of controller operations are included in the section referencing
Fig. 2.

Fig. 2 is a schematic illustration of a processing subsystem 200
including a controller 114 for rate control of a hybrid power train. In the
description of Fig. 2, a module determines a value by any method understood
in the art, including, without limitation, reading the value from a memory
location, receiving the value over a datalink, receiving the value as a physical
value (e.g. a voltage reading from a sensor), and/or calculating the value from
one or more other parameters.

The controller 114 includes a battery protection module 202 that
determines a battery protection charge rate limit 204. The battery protection
charge rate limit 204 is the amount of charge flux allowable for the battery 110
under the present operating conditions. The battery protection charge rate
limit 204 may depend upon the current battery state-of-charge (battery SOC)
232, the current operating temperature of the battery 110, the age of the
battery 110, or other considerations understood in the art. In certain
embodiments, the battery protection charge rate limit 204 is a binary

description, e.g. charging is ALLOWED or NOT ALLOWED, but the battery
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protection charge rate limit 204 may be a current value or other description of
a battery charge rate. In certain embodiments, the battery protection charge
rate limit 204 is a description of the discharge rate presently allowed at the
battery 110.

The controller 114 includes a power train protection module 206 that
determines a power train protection torque change limit 208. An exemplary
power train protection module 206 determines a maximum acceleration
threshold 248 for a component 118 of the power train. For example, a gear or
other component 118 includes a specified maximum acceleration threshold
248, which may be dependent upon the current amount of torque being
experienced at the component 118, the age of the component 118, the
temperature of the component 118, the current rotating speed of the
component 118, or other factors known in the art, and the power train
protection module 206 determines a power train protection torque change limit
208 consistent with the maximum acceleration threshold 248.

In another example, the gear or other component 118 includes a
specified maximum torque slew rate 250, which may be dependent upon the
current amount of torque being experienced at the component 118, the age of
the component 118, the temperature of the component 118, the current
rotating speed of the component 118, or other factors known in the art, and the
power train protection module 206 determines a power train protection torque
change limit 208 consistent with the maximum torque slew rate 250. The
maximum torque slew rate 250 is a description of a rate of change of torque
versus another parameter, typically time, and may be calculated or updated
during the operations of the controller 114. The powertrain protection torque
change limit 208 may be a value determined in any units known in the art,
including at least: rate of change in torque (6T) per unit time, 6T per
revolution of the driveline 106, 6T per revolution of the engine 104, and/or a

qualitative description of 6T usable by the controller 114 to determine the
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allowable 6T based on a look-up table or algorithm (e.g. LOW, MEDIUM, or
HIGH, each mapped to a range of 6T values in a look-up table not shown).

The controller 114 includes a torque request module 210 that
determines a torque request 212. The torque request 212 may be determined
directly or in response to an input value. For example, the torque request 212
may be an engine speed request that is converted to an intermediate torque
value that achieves the requested engine speed or that progresses acceptably
toward the requested engine speed, where the intermediate torque value is
interpreted as the torque request 212. In another example, the torque request
212 1s a direct torque request — for example provided by an operator input that
requests a certain torque value. In yet another example, the torque request
212 1s a value determined from an input that is related to a torque value — for
example an accelerator position 236 converted into a torque request 212.

The controller 114 further includes a rate control module 214 that
provides a torque balance parameter 216 in response to the battery protection
charge rate limit 204, the power train protection torque change limit 208, and
the torque request 212. The torque balance parameter 216 includes an
electrical torque contribution target 218 and a combustion engine torque
contribution target 220. For example, the torque request 212 may indicate
that 600 ft-1bs. of torque are requested, and the torque balance parameter 216
may indicate that the electrical torque contribution target 218 is 200 ft-1bs.
and the combustion engine torque contribution target 220 is 400 ft-1bs. The
torque balance parameter 216 may be a specified contribution for each torque
contributing portion of the hybrid power train, a ratio of the torque
contributions (e.g. 2:1 combustion:electrical), a fraction to be provided by a
specified torque contributor of the hybrid power train (e.g. 66% combustion),
and/or a limit value to be provided by specified torque contributors of the
hybrid power train (e.g. 400 maximum combustion, 350 maximum electrical).

The rate control module 214 may operate independently of or in

conjunction with other torque determination mechanisms in the system 100.
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For example, the nominal control algorithms of the system 100 may determine
a torque contribution from each of the torque contributors in the hybrid power
train for independent purposes, e.g. to maximize fuel economy. The rate
control module 214 may then provide the torque balance parameter 216 with
the electrical torque contribution target 218 and the combustion engine torque
contribution target 220 applied as downstream limits on the torque
contributions from the nominal control algorithms. For example, where the
nominal control algorithms indicate that 475 ft-1bs. of torque are to be
provided from the engine 102, and 225 ft-1bs. of torque are to be provided from
the motor-generator 104, and the rate control module 214 limits the engine
output torque to 400 ft-1bs. the nominal control algorithm may adjust the
engine torque to 400 ft-lbs. and the motor-generator torque to 300 ft-1bs. to
achieve the same output torque of the hybrid power train.

In certain embodiments, the torque contribution targets 218, 220 are
utilized as the primary torque control, without a nominal control algorithm
operating. Where the torque contribution targets 218, 220 are utilized as the
primary torque control, the rate control module 214 determines the torque
balance parameter 216 according to default considerations, adjusting when the
battery protection charge rate limit 204 and/or the power train protection
torque change limit 208 require a torque balance parameter 216 that is
different from the nominal torque balance parameter 216.

Generally, the battery protection charge rate limit 204 is more likely to
require an increase in the electrical torque contribution target 218 at high
battery SOC 232, at low vehicle speeds, when a transmission (not shown) is in
a low gear, and at low battery SOC 232 when the torque request 212 is a
negative torque value. Further, generally, the power train protection torque
change limit 208 is more likely to require an increase in the combustion engine
torque contribution target 220 at high vehicle speeds and in high transmission
gears, at low battery SOC 232 values, at very high total torque request values
212, at negative torque request 212 values where the battery SOC 232 is high
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and where an engine compression brake is available, and at very large
negative torque request 212 values where an engine compression brake is
available. The described behaviors are exemplary and non-limiting.

The controller 114 further includes a torque control module 222 that
provides an electrical torque 224 and a combustion torque 226 to a power train
in response to the torque balance parameter 216. The electrical torque 224
and combustion torque 226 may be electronic commands that are implemented
to command the torque contributing devices 102, 104. Further, the electrical
torque 224 and combustion torque 226 are determined from the torque balance
parameter 216, but may be filtered, limited, or otherwise adjusted as
understood in the art before being provided.

The exemplary controller 114 further includes a priority determination
module 228 that determines a responsiveness priority value (RPV) 230. The
RPV 230 may be determined in response to a priority parameter. An
exemplary priority parameter includes a difference between the torque request
212 and a torque priority threshold 234. Thus, in one example, the priority
determination module 228 provides an RPV 230 that allows a high priority
response of the rate control module 214 when the torque request 212 is high.

Another exemplary priority parameter is a difference between a current
accelerator position 236 and an accelerator priority threshold 238. Thus, in
one example, the priority determination module 228 provides an RPV 230 that
allows a high priority response of the rate control module 214 when the
accelerator position 236 indicates the operator is requesting a high
performance output.

Yet another exemplary priority parameter is a current engine control
governor value, for example “CRUISE”, “PTO”, or other indication of the
current engine governor. Thus, in one example, the priority determination
module 228 provides an RPV 230 that allows a high priority response or a low
priority response depending upon the desired priority according to the current

engine control governor 246. Certain vehicles 120 and systems 100 provide

10
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higher (or lower) priority operations to meet torque demands in certain engine
control governor modes to enhance fuel economy, to direct operator behavior
(e.g. to encourage usage of the CRUISE control), and/or to meet application
demands (e.g. providing more responsive torque output for a PTO governor
mode).

Another exemplary priority parameter is a difference between the
torque request 212 and a sum of the current electrical torque 240 and current
combustion torque 242. The current electrical torque 240 and the current
combustion torque 242 are the torque amounts presently provided by the
engine 102 and the motor/generator 104, which are generated in response to
the electrical torque 224 and the combustion torque 226 commands from the
torque control module 222, but which may not match the commands 224, 226
during transient events or due to lags or limitations in the system 100 that are
applied after the commands 224, 226 are provided. Thus, in one example, the
priority determination module 228 provides a higher or lower priority RPV 230
depending on whether the current torque request 212 is being met or missed,
and the amount of the missed torque if applicable.

Another exemplary priority parameter is an operator responsiveness
request 244. For example, the vehicle 120 may be provided with an input
device designated to accept an operator responsiveness request 244 and to
provide the request 244 to the priority determination module 228. Non-
limiting examples of an operator responsiveness request 244 application
include an emergency vehicle that provides the operator responsiveness
request 244 to the controller 114 when the sirens of the vehicle are activated.
Another example includes an operator responsiveness request 244 that is a
“high fuel economy” mode, wherein the operator is indicating that lower
responsiveness 1s acceptable to improve fuel economy of the system 100. The
exemplary operator responsiveness requests 244 are non-limiting, and any
operator responsiveness request 244, including a switch, button, or other

input, and further including any request 244 derived from operator behavior

11
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(e.g. highly transient operation indicating an operator desire for responsive
performance) are contemplated herein as operator responsiveness requests
244. Thus, in one example, the priority determination module 228 provides a
higher or lower priority RPV 230 depending upon whether an operator
responsiveness request 244 is active.

In certain embodiments, the rate control module 214 further determines
the torque balance parameter 216 in response to the RPV 230. For example,
the rate control module 214 may provide a torque balance parameter 216
having an electrical torque contribution target 218 and a combustion engine
torque contribution target 220 that provide a total torque amount that is lower
than the torque request 212 during a transient event, and that is reduced in
the presence of a low priority RPV 230 relative to a higher priority RPV 230.
Alternatively or additionally, the torque balance parameter 216 may provide a
higher proportion of torque from one of the electrical or combustion sides of the
hybrid power train in the presence of a low priority RPV 230 relative to a
higher priority RPV 230.

In certain embodiments, the battery protection module 202 further
determines the battery protection charge rate limit 204 in response to the RPV
230. For example, the battery protection module 202 may allow the battery
110 to discharge to a deeper discharge level, or to charge to a higher maximum
charge level, in response to the presence of a high priority RPV 230. The
battery protection module 202 may further determine the battery protection
charge rate limit 204 in response to the RPV 230 and the current battery SOC
232.

In certain embodiments, the power train protection module 206 further
determines the power train protection torque change limit 208 in response to
the RPV 230. For example, the power train protection module 206 may allow a
greater component maximum acceleration threshold 248 or a higher
component maximum torque slew rate 250 in the presence of a high priority

RPV 230.

12
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The operational descriptions which follow provide illustrative
embodiments of performing procedures for rate control of a hybrid power train.
Operations illustrated are understood to be exemplary only, and operations
may be combined or divided, and added or removed, as well as re-ordered in
whole or part, unless stated explicitly to the contrary herein. Certain
operations illustrated may be implemented by a computer executing a
computer program product on a computer readable medium, where the
computer program product comprises instructions causing the computer to
execute one or more of the operations, or to issue commands to other devices to
execute one or more of the operations.

An exemplary procedure includes an operation to determine a battery
protection charge rate limit, an operation to determine a power train
protection torque change limit, and an operation to determine a torque
request. The procedure further includes an operation to provide a torque
balance parameter in response to the battery protection charge rate limit, the
power train protection torque change limit, and the torque request. The
torque balance parameter includes an electrical torque contribution target and
a combustion engine torque contribution target. The procedure further
includes an operation to provide an electrical torque and a combustion engine
torque to a power train in response to the torque balance parameter.

An additional procedure includes an operation to determine a
responsiveness priority value (RPV) and an operation to provide the torque
balance parameter further in response to the RPV. The exemplary procedure
further includes an operation to determine the battery protection charge rate
limit and/or the power train protection torque change limit in response to the
RPV. An exemplary operation to determine the RPV includes determining the
RPV in response to a current torque request, and/or in response to a difference
between the current torque request and a sum of a current electrical torque

and a current combustion engine torque.

13
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An exemplary procedure further includes an operation to determine a
maximum torque slew rate for a component of the power train in response to
the RPV, and an operation to determine the power train protection torque
change limit in response to the maximum torque slew rate for a component of
the power train. A further procedure includes an operation to determine a
maximum acceleration threshold for a component of the power train in
response to the RPV, and an operation to determine the power train protection
torque change limit in response to the maximum acceleration threshold for a
component of the power train.

Another exemplary procedure includes an operation to determine the
power train protection torque change limit in response to a maximum torque
slew rate for a component of the power train. Yet another exemplary
procedure includes an operation to determine the power train protection
torque change limit in response to a maximum acceleration threshold for a
component of the power train.

As is evident from the figures and text presented above, a variety of
embodiments according to the present invention are contemplated.

An exemplary embodiment is a method including determining a battery
protection charge rate limit, determining a power train protection torque
change limit, and determining a torque request. The method further includes
providing a torque balance parameter in response to the battery protection
charge rate limit, the power train protection torque change limit, and the
torque request. The torque balance parameter includes an electrical torque
contribution target and a combustion engine torque contribution target. The
method further includes providing an electrical torque and a combustion
engine torque to a power train in response to the torque balance parameter.

Further embodiments include determining a responsiveness priority
value (RPV) and providing the torque balance parameter further in response to
the RPV. An exemplary method further includes determining the battery

protection charge rate limit and/or the power train protection torque change
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limit in response to the RPV. The RPV may be determined in response to a
current torque request, and/or in response to a difference between the current
torque request and a sum of a current electrical torque and a current
combustion engine torque.

The exemplary method further includes determining a maximum torque
slew rate for a component of the power train in response to the RPV, and
determining the power train protection torque change limit in response to the
maximum torque slew rate for a component of the power train. A further
embodiment includes determining a maximum acceleration threshold for a
component of the power train in response to the RPV, and determining the
power train protection torque change limit in response to the maximum
acceleration threshold for a component of the power train.

An exemplary method further includes determining the power train
protection torque change limit in response to a maximum torque slew rate for
a component of the power train. Yet another exemplary method includes
determining the power train protection torque change limit in response to a
maximum acceleration threshold for a component of the power train.

Another exemplary embodiment is an apparatus including modules for
functionally executing operations for rate control in a hybrid power train. The
apparatus includes a battery protection module that determines a battery
protection charge rate limit, a power train protection module that determines
a power train protection torque change limit, and a torque request module that
determines a torque request. The apparatus further includes a rate control
module that provides torque balance parameter in response to the battery
protection charge rate limit, the power train protection torque change limit,
and the torque request. The torque balance parameter includes an electrical
torque contribution target and a combustion engine torque contribution target.
That apparatus further includes a torque control module that provides an
electrical torque and a combustion torque to a power train in response to the

torque balance parameter.
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An exemplary apparatus further includes a priority determination
module that determines a responsiveness priority value (RPV). The rate
control module further determines the torque balance parameter in response
to the RPV. The battery protection module further determines the battery
protection charge rate limit in response to the RPV, and/or the power train
protection module further determines the power train protection limit in
response to the RPV. A further embodiment includes the battery protection
module determining a battery state of charge (SOC), and the battery
protection module determining the battery protection charge rate limit in
response to the SOC and the RPV.

Another exemplary apparatus further includes the priority
determination module determining the RPV in response to a priority
parameter. Exemplary priority parameters include: a difference between the
torque request and a torque priority threshold, a difference between a current
accelerator position and an accelerator priority threshold, a current engine
control governor value, a difference between the torque request and a sum of
the current electrical torque and current combustion torque, and an operator
responsiveness request. A further embodiment includes the power train
protection module determining the power train protection torque change limit
In response to a maximum acceleration threshold for a component of the power
train, and/or a maximum torque slew rate for the component of the power
train.

Another exemplary embodiment is a system including a hybrid power
train having a combustion torque device and an electrical torque device, where
the hybrid power train is at least a partially parallel configuration. The
system includes a driveline mechanically coupled to the combustion torque
device and the electrical torque device, a battery that exchanges energy with
the driveline, and a torque input device that provides a torque request.

The system further includes a controller having modules for functionally

executing operations for rate control in a hybrid power train. The controller
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includes a battery protection module that determines a battery protection
charge rate limit, a power train protection module that determines a power
train protection torque change limit, and a torque request module that
determines the torque request. The controller further includes a rate control
module that provides a torque balance parameter in response to the battery
protection charge rate limit, the power train protection torque change limit,
and the torque request. The torque balance parameter includes an electrical
torque contribution target and a combustion engine torque contribution target.
The controller further includes a torque control module that provides an
electrical torque and a combustion torque to the driveline in response to the
torque balance parameter.

An exemplary system further includes a component of the hybrid power
train having a maximum acceleration threshold and/or a maximum torque
slew rate threshold. The power train protection module further determines
the power train protection torque change limit in response to the maximum
acceleration threshold and/or the maximum torque slew rate threshold.

Another exemplary system further includes the controller having a
priority determination module that determines a responsiveness priority value
(RPV) in response to a priority parameter. The priority parameter includes a
difference between the torque request and a torque priority threshold, a
current engine control governor value, a difference between the torque request
and a sum of the current electrical torque and current combustion torque, and
an operator responsiveness request. The rate control module further
determines the torque balance parameter in response to the RPV.

A further embodiment includes the battery protection module
determining a battery state of charge. The battery protection module further
determines the battery protection charge rate limit in response to the battery
state of charge.

While the invention has been illustrated and described in detail in the

drawings and foregoing description, the same is to be considered as illustrative
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and not restrictive in character, it being understood that only certain
exemplary embodiments have been shown and described and that all changes
and modifications that come within the spirit of the inventions are desired to
be protected. In reading the claims, it is intended that when words such as
“a,” “an,” “at least one,” or “at least one portion” are used there is no intention
to limit the claim to only one item unless specifically stated to the contrary in
the claim. When the language “at least a portion” and/or “a portion” is used

the item can include a portion and/or the entire item unless specifically stated

to the contrary.
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WHAT IS CLAIMED IS:

1. A method, comprising:

determining a battery protection charge rate limit;

determining a power train protection torque change limit;

determining a torque request; and

providing a torque balance parameter in response to the battery
protection charge rate limit, the power train protection torque change limit
and the torque request, the torque balance parameter comprising an electrical
torque contribution target and a combustion engine torque contribution target;
and

providing an electrical torque and a combustion engine torque to a
power train in response to the torque balance parameter.

2. The method of claim 1, further comprising determining a
responsiveness priority value (RPV) and further providing the torque balance
parameter further in response to the RPV.

3. The method of claim 2, wherein the providing further comprises
determining at least one of the battery protection charge rate limit and the
power train protection torque change limit in response to the RPV.

4. The method of claim 2, further comprising determining the RPV in
response to a current torque request.

5. The method of claim 4, further comprising determining the RPV in
response to a difference between the current torque request and a sum of a
current electrical torque and a current combustion engine torque.

6. The method of claim 2, wherein the providing further comprises
determining a maximum torque slew rate for a component of the power train
in response to the RPV, and determining the power train protection torque
change limit in response to the maximum torque slew rate for a component of

the power train.
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7. The method of claim 2, wherein the providing further comprises
determining a maximum acceleration threshold for a component of the power
train in response to the RPV, and determining the power train protection
torque change limit in response to the maximum acceleration threshold for a
component of the power train.

8. The method of claim 1, further comprising determining the power
train protection torque change limit in response to a maximum torque slew
rate for a component of the power train.

9. The method of claim 1, further comprising determining the power
train protection torque change limit in response to a maximum acceleration
threshold for a component of the power train.

10. An apparatus, comprising:

a battery protection module structured to determine a battery protection
charge rate limit;

a power train protection module structured to determine a power train
protection torque change limit;

a torque request module structured to determine a torque request;

a rate control module structured to provide a torque balance parameter
in response to the battery protection charge rate limit, the power train
protection torque change limit, and the torque request, the torque balance
parameter comprising an electrical torque contribution target and a
combustion engine torque contribution target; and

a torque control module structured to provide an electrical torque and a
combustion torque to a power train in response to the torque balance
parameter.

11. The apparatus of claim 10, further comprising a priority
determination module structured to determine a responsiveness priority value
(RPV), and wherein the rate control module is further structured to determine

the torque balance parameter in response to the RPV.
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12. The apparatus of claim 11, wherein the battery protection module is
further structured to determine the battery protection charge rate limit in
response to the RPV.

13. The apparatus of claim 11, wherein the power train protection
module is further structured to determine the power train protection limit in
response to the RPV.

14. The apparatus of claim 11, wherein the battery protection module is
further structured to determine a battery state of charge (SOC) and wherein
the battery protection module is further structured to determine the battery
protection charge rate limit in response to the SOC and the RPV.

15. The apparatus of claim 11, wherein the priority determination
module is structured to determine the RPV in response to a priority parameter
comprising at least one parameter selected from the parameters consisting of:

a difference between the torque request and a torque priority threshold;

a difference between a current accelerator position and an accelerator
priority threshold;

a current engine control governor value;

a difference between the torque request and a sum of the current
electrical torque and current combustion torque; and

an operator responsiveness request.

16. The apparatus of claim 10, wherein the power train protection
module 1s further structured to determine the power train protection torque
change limit in response to at least one of;

a maximum acceleration threshold for a component of the power train;
and

a maximum torque slew rate for the component of the power train.

17. A system, comprising:

a hybrid power train comprising a combustion torque device and an
electrical torque device, wherein the hybrid power train is at least partially

parallel, a driveline mechanically coupled to the combustion torque device and
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the electrical torque device, a battery structured to exchange energy with the
driveline;

a torque input device structured to provide a torque request; and

a controller, comprising a battery protection module structured to
determine a battery protection charge rate limit, a power train protection
module structured to determine a power train protection torque change limit, a
torque request module structured to determine the torque request, a rate
control module structured to provide a torque balance parameter in response
to the battery protection charge rate limit, the power train protection torque
change limit, and the torque request, the torque balance parameter comprising
an electrical torque contribution target and a combustion engine torque
contribution target, and a torque control module structured to provide an
electrical torque and a combustion torque to the driveline in response to the
torque balance parameter.

18. The system of claim 17, further comprising a component of the
hybrid power train having one of a maximum acceleration threshold and a
maximum torque slew rate threshold, and wherein the power train protection
module 1s further structured to determine the power train protection torque
change limit in response to the one of the maximum acceleration threshold and
the maximum torque slew rate threshold.

19. The system of claim 17, wherein the controller further comprises:

a priority determination module structured to determine a
responsiveness priority value (RPV) in response to a priority parameter
comprising at least one parameter selected from the parameters consisting of:

a difference between the torque request and a torque priority
threshold;

a current engine control governor value;

a difference between the torque request and a sum of the current
electrical torque and current combustion torque;

an operator responsiveness request; and
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wherein the rate control module is further structured to determine the
torque balance parameter in response to the RPV.

20. The system of claim 17, wherein the battery protection module is
further structured to determine a battery state of charge, and wherein the
battery protection module is further structured to determine the battery

protection charge rate limit in response to the battery state of charge.
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