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Description

Title of Invention: SYSTEM AND METHOD FOR PREDICTIVE
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[0002]

[0003]

[0004]

PRE-WARMING CONTROL OF HYBRID ELECTRIC

VEHICLES (HEV)

Technical Field
The present subject matter generally relates to Hybrid Electric Vehicles (HEV). More

particularly, but not exclusively, the present disclosure discloses a method and a

control unit for controlling pre-warming process of an engine of the HEV.

Background Art

The warm-up control of engine cylinder is essential to improve fuel efficiency and to
reduce exhaust emissions in both conventional and Hybrid Electric Vehicles (HEVs).
This is because as the coolant is warm, engine thermal efficiency increases due to
lower exhaust heat loss. In conventional vehicles, such an objective i.e. improving fuel
efficiency and reducing exhaust emissions is achieved by reducing the engine warm-up
time by reducing/stopping coolant flow through the engine. In HEVs, the above
objective is achieved by controlling engine coolant flow using thermostat/electric
valve. At present, controlling of the engine coolant flow to achieve the above objective
is a one-time process and hence does not efficiently aid in improving energy efficiency
in the HEVs.

Some of the conventional methods propose to use a three-way valve to connect the
High Voltage (HV) and engine cooling circuits for enhancing warm up of the engine
and in turn to enhance the energy efficiency. The control method predicts start time of
the engine based on State of Charge (SOC) of a power source of the HEV. Based on
the start time of the engine, the pre-warming process is initiated. To decide the start
time of pre-warming process, conventional technique proposes to use the comparison
between “pre-warm up time of engine (twu)” and “time taken until engine start up
(t-soc)”. The twu is calculated based on the desired coolant temperature, coolant flow
rate, energy input and ambient temperature. The t-soc is calculated based on the slope
of the SOC curve. From the SOC curve, the slope of SOC is calculated and based on
this slope, current SOC and lower threshold of SOC for engine start and the time taken
until engine start up is found.

The prediction of start time of pre-warming-up process based on single SOC slope is
erroneous. The conventional technique considers both negative and positive slopes.
The negative slope corresponds to SOC fall due to battery discharge and positive slope
corresponds to battery charging due to regenerative braking as the event occurs in

future. Further, the conventional technique does not control warm-up process once the



WO 2020/175641 PCT/JP2020/008138

[0005]

[0006]

[0007]

warm-up process is started. Hence results in wastage of energy.
Fig.1 shows a graph 100 illustrating the process of pre-warming in the conventional

technique. As shown in Fig.1, the X-axis represents time and the Y-axis represents
SOC of a power source of the engine of the HEV. Based on the SOC of the power
source, the curves are plotted. Based on SOC slope identified from the graph, the start
time or “Engine On” time is predicted. As an example, in case 1, the predicted “Engine
On” time based on single SOC slope may be at the time instant 200 represented by
curve 1 and the actual start time of the engine may be at the time instant 250 rep-
resented by the curve 2. In this scenario, the predicted “Engine On” time is earlier than
the actual start time of the engine. Due to this, the pre-warming process starts early,
may be at the time instant 120 and continues till the engine is On which results in
wastage of energy. In case 2, the predicted “Engine On” time based on single SOC
slope may be at the time instant 300 represented by curve 3. In this scenario, the engine
start time is later than the actual start time of the engine. Due to this, the pre-warming
process starts late, may be at the time instant 220 and continues till the engine is On
which results in insufficient heat for warm-up. This is due to the error in predicting the
start time of the engine which is based on single SOC slope. Further, it can also be
noted that the check for pre-heating is stopped just after the start of pre-heating process
and hence there is no control of the pre-warming process of the engine.

The information disclosed in this background of the disclosure section is only for en-
hancement of understanding of the general background of the invention and should not
be taken as an acknowledgement or any form of suggestion that this information forms
the prior art already known to a person skilled in the art.

Summary of Invention

Disclosed herein is a method for controlling pre-warming process of an engine of a
Hybrid Electric Vehicle (HEV). The method comprises initiating, by a control unit as-
sociated with the HEV, pre-warming process of the engine at a first time. The method
comprises determining the start-up time of the engine based on at least one of State of
Charge (SOC) of a power source, energy consumption by a drive motor of the HEV,
energy discharged by the power source, electric range of the vehicle and speed of the
vehicle obtained at each of a plurality of first predefined time intervals, wherein the
start-up time of the engine is determined at a second time. The method also comprises
determining engine heating time for the engine based on one or more predefined pa-
rameters. Thereafter, the method comprises discontinuing the pre-warming process of
the engine at a third time when the determined start-up time of the engine is greater
than the engine heating time. Further, the method comprises restarting the pre-warming

process of the engine at a fourth time when the determined start-up time of the engine
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is less than the engine heating time and when the pre-warming process of the engine is
discontinued. The above-mentioned processes are reiterated i.e. the process of de-
termining the start-up time of the engine, determining the engine heating time, dis-
continuing the pre-warming process and restarting the pre-warming process at a
plurality of second predefined time intervals thereby controlling the pre-warming
process of an engine.

Further, the present disclosure discloses a control unit for controlling pre-warming
process of an engine of a Hybrid Electric Vehicle (HEV). The control unit comprises a
processor and a memory communicatively coupled to the processor. The memory
stores the processor-executable instructions, which, on execution, causes the processor
to initiate pre-warming process of the engine at a first time. Once the pre-warming
process is initiated, the processor determines the start-up time of the engine based on at
least one of State of Charge (SOC) of a power source, energy consumption by a drive
motor of the HEV, energy discharged by the power source, electric range of the vehicle
and speed of the vehicle obtained at each of a plurality of first predefined time
intervals, wherein the start-up time of the engine is determined at a second time.
Thereafter, the processor also determines engine heating time for the engine based on
one or more predefined parameters. The processor discontinues the pre-warming
process of the engine at a third time when the determined start-up time of the engine is
greater than the engine heating time. The processor restarts the pre-warming process of
the engine at a fourth time when the determined start-up time of the engine is less than
the engine heating time and when the pre-warming process of the engine is dis-
continued. The processor performs the above-mentioned steps i.e. the process of de-
termining the start-up time of the engine, determining the engine heating time, dis-
continuing the pre-warming process and restarting the pre-warming process at a
plurality of second predefined time intervals, thereby controlling the pre-warming
process of an engine.

Furthermore, the present disclosure discloses a control unit for controlling pre-
warming process of an engine of a Hybrid Electric Vehicle (HEV). The control unit
comprises a processor and a memory communicatively coupled to the processor. The
memory stores the processor-executable instructions, which, on execution, causes the
processor to initiate pre-warming process of the engine at a first time. Once the pre-
warming process is initiated, the processor determines the start-up time of the engine
based on at least one of State of Charge (SOC) of a power source, energy consumption
by a drive motor of the HEV, energy discharged by the power source, electric range of
the vehicle and speed of the vehicle obtained at each of a plurality of first predefined
time intervals. The start-up time of the engine is determined at a second time. The

control unit determines the engine heating time for the engine based on one or more



WO 2020/175641 PCT/JP2020/008138

[0010]

[0011]

predefined parameters. Thereafter, the processor determines the start-up time of the
engine and the engine heating time at a plurality of second predefined time intervals

for controlling the pre-warming process of an engine.
The foregoing summary is illustrative only and is not intended to be in any way

limiting. In addition to the illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will become apparent by reference
to the drawings and the following detailed description.
Brief Description of Drawings

The accompanying drawings, which are incorporated in and constitute a part of this
disclosure, illustrate exemplary embodiments and, together with the description, serve
to explain the disclosed principles. In the figures, the left-most digit(s) of a reference
number identifies the figure in which the reference number first appears. The same
numbers are used throughout the figures to reference like features and components.
Some embodiments of system and/or methods in accordance with embodiments of the
present subject matter are now described, by way of example only, and with reference
to the accompanying figures, in which:
[fig.1]Fig.1 shows a graph illustrating pre-warming process in accordance with prior
art;
[fig.2]Fig.2 shows an exemplary environment for controlling pre-warming process of
an engine of a Hybrid Electric Vehicle (HEV) in accordance with some embodiments
of the present disclosure;
[fig.3]Fig.3 shows a block diagram of a control unit for controlling pre-warming
process of an engine of a HEV, in accordance with some embodiments of the present
disclosure;
[fig.4]Fig.4 shows a flowchart illustrating a process of determining start-up time of
engine based on State of Charge (SOC) of a power source in accordance with some
embodiments of the present disclosure;
[fig.5]Fig.5 shows a flowchart illustrating a process of determining start-up time of
engine based on voltage and current value of power source in accordance with some
embodiments of the present disclosure;
[fig.6]Fig.6 shows a flowchart illustrating a process of determining start-up time of
engine based on electric range of vehicle in accordance with some embodiments of the
present disclosure;
[fig.7]Fig.7 shows a flowchart illustrating a process of determining start-up time of
engine based on speed of a vehicle in accordance with some embodiments of the
present disclosure;

[fig.8]Fig.8 shows a graph illustrating an exemplary process of controlling pre-
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warming process of an engine of a HEV in accordance with some embodiments of the
present disclosure;

[fig.9]Fig.9 shows a flowchart illustrating a method of controlling pre-warming
process of an engine of a HEV in accordance with some embodiments of the present
disclosure; and

[fig.10A]Figs. 10A shows implementation of pre-warming process of the engine using
one or more heat sources in accordance with some embodiments of the present
disclosure.

[fig.10B]Figs. 10B shows implementation of pre-warming process of the engine using
one or more heat sources in accordance with some embodiments of the present
disclosure.

[fig.10C]Figs. 10C shows implementation of pre-warming process of the engine using
one or more heat sources in accordance with some embodiments of the present
disclosure.

[fig.10D]Figs. 10D shows implementation of pre-warming process of the engine using
one or more heat sources in accordance with some embodiments of the present

disclosure.
It should be appreciated by those skilled in the art that any block diagrams herein

represent conceptual views of illustrative systems embodying the principles of the
present subject matter. Similarly, it will be appreciated that any flow charts, flow
diagrams, state transition diagrams, pseudo code, and the like represent various
processes which may be substantially represented in computer readable medium and
executed by a computer or processor, whether or not such computer or processor is ex-
plicitly shown.

Description of Embodiments

In the present document, the word "exemplary" is used herein to mean "serving as an
example, instance, or illustration." Any embodiment or implementation of the present
subject matter described herein as "exemplary" is not necessarily to be construed as
preferred or advantageous over other embodiments.

While the disclosure is susceptible to various modifications and alternative forms,
specific embodiment thereof has been shown by way of example in the drawings and
will be described in detail below. It should be understood, however that it is not
intended to limit the disclosure to the specific forms disclosed, but on the contrary, the
disclosure is to cover all modifications, equivalents, and alternative falling within the
scope of the disclosure.

The terms “comprises”, “comprising”, “includes”, “including” or any other variations

thereof, are intended to cover a non-exclusive inclusion, such that a setup, device, or
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method that comprises a list of components or steps does not include only those
components or steps but may include other components or steps not expressly listed or
inherent to such setup or device or method. In other words, one or more elements in a
system or apparatus proceeded by “comprises... a” does not, without more constraints,
preclude the existence of other elements or additional elements in the system or
method.

The present disclosure relates to a method and a control unit for controlling pre-
warming process of an engine of a Hybrid Electric Vehicle (HEV). In order to control
pre-warming process of the engine, the control unit has to determine start-up time of
the engine and the engine heating time. The control unit may determine the start-up
time of the engine based on at least one of State of Charge (SOC) of a power source,
energy consumption by a drive motor of the HEV, energy discharged by the power
source, electric range of the vehicle and speed of the vehicle. The engine heating time
is determined based on parameters such as ambient temperature, temperature of the
power source, temperature of an engine coolant, temperature of a power source coolant
and flow rate of the coolant. Once the engine start-up time and the engine heating time
is determined, the control unit may initiate pre-warming process of the engine based on
the engine start-up time and the engine heating time.

The pre-warming process is initiated when the engine start-up time is less than the
engine heating time. The control unit may continuously determine the engine start-up
time and the engine heating time. Based on these, the control unit may perform actions
such as discontinuing the pre-warming process or restarting the pre-warming process.
The control unit may discontinue the pre-warming process when the start-up time of
the engine is greater than the engine heating time. The control unit may re-start the pre-
warming process of the engine when the determined start-up time of the engine is less
than the engine heating time and when the pre-warming process of the engine is dis-
continued. In this manner, the control unit controls the pre-warming process of the
engine by continuously determining the engine start-up time and the engine heating
time. The present disclosure accurately determines the engine start-up time and
controls the pre-warming process based on the detected start-up time which results in
energy efficiency in terms of improving fuel efficiency and sufficient heat for the
engine warm-up.

In the following detailed description of the embodiments of the disclosure, reference
is made to the accompanying drawings that form a part hereof, and in which are shown
by way of illustration of embodiments in which the disclosure may be practiced. These
embodiments are described in sufficient detail to enable those skilled in the art to
practice the disclosure, and it is to be understood that other embodiments may be

utilized and that changes may be made without departing from the scope of the present
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disclosure. The following description is, therefore, not to be taken in a limiting sense.

Fig.2 illustrates an exemplary environment for controlling pre-warming process of an
engine of a Hybrid Electric Vehicle (HEV) in accordance with some embodiments of
the present disclosure.

As shown in Fig.2, the environment 200 comprises a control unit 201, one or more
heat sources 203 and an engine 205. The control unit may be configured to control pre-
warming process of the engine 205. The control unit 201 may be associated with the
one or more heat sources 203 for pre-warming the engine 205. The pre-warming of the
engine 205 is essential in order to improve fuel efficiency of the vehicle. The one or
more heat sources 203 may include, but are not limited to, heated coolant stored in a
storage tank of the vehicle, electrical heating, waste heat recovered from other
components in the HEV and heat from phase change materials. The process of pre-
warming the engine through each of the one or more heat sources is illustrated in
Figs.10A-10D. Fig.10A illustrates the process of pre-warming the engine using the
heat recovered from other components in the HEV. Fig.10B illustrates the process of
pre-warming the engine using the heat from phase change materials. Fig.10C illustrates
the process of pre-warming the engine using the electrical heating. Fig.10D illustrates
the process of pre-warming the engine using the heated coolant stored in a storage tank
of the vehicle.

In order to control the pre-warming process of the engine 205, the control unit 201
may determine start-up time of the engine 205 (alternately referred as engine start-up
time) and the engine heating time. The start-up time may refer to the time at which the
engine 205 is going to be started. The engine heating time may refer to the time taken
by the engine 205 for warming up the engine 205. The control unit 201 may determine
the engine start-up time based on at least one of State of Charge (SOC) of a power
source of the HEV, energy consumption by a drive motor of the HEV, energy
discharged by the power source, electric range of the vehicle and speed of the vehicle.
In another embodiment, the control unit may calculate a change in quantity of at least
one of State of Charge (SOC) of a power source, energy consumption by a drive motor
of the HEV, energy discharged by the power source, electric range of the vehicle and
speed of the vehicle obtained at each of a plurality of first predefined time intervals.
Thereafter, the control unit 201 may determine the start-up time of the engine (205)
based on the change in quantity at each of a plurality of the first predefined time
intervals. In an embodiment, the engine start-up time is determined at plurality of first
predefined time intervals. As an example, at every 10 seconds, the process of de-
termining the engine start-up time is performed.

In an embodiment, the control unit 201 may determine engine heating time based on

one or more parameters which includes, but are not limited to, ambient temperature of
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the engine 205, temperature of the power source, temperature of an engine coolant,
temperature of a power source coolant and flow rate of the coolant. The control unit
201 may store data associated with the engine heating time in a memory associated
with the control unit 201 in the form of a look-up table. The look-up table may store
data of the engine heating time and also the time at which the heating time is recorded.

In an embodiment, the control unit 201 may compare the engine start-up time with
the engine heating time. The control unit 201 may initiate pre-warming process of the
engine 205 when the start-up time of the engine 205 is less than the engine heating
time. Also, the pre-warming process is initiated prior to the start-up time of the engine
205. When the start-up time of the engine 205 is greater than the engine heating time,
the control unit 201 may discontinue the process of pre-warming. The control unit 201
may restart the pre-warming process when the determined start-up time of the engine
205 1is less than the engine heating time and when the pre-warming process of the
engine 205 is discontinued. The control unit 201 may continuously determine the start-
up time of the engine 205 and the engine heating time. Based on this, the process of
initiating the pre-warming, discontinuing the pre-warming and restarting the pre-
warming is performed at plurality of second predefined time intervals in order to
control the pre-warming process of the engine 205.

Fig.3 shows a block diagram of a control unit for controlling pre-warming process of
an engine of a Hybrid Electric Vehicle (HEV), in accordance with some embodiments
of the present disclosure.

As shown in Fig.3, the control unit 201 may comprise a processor 301 and a memory
302. The processor 301 may be configured to perform one or more functions of the
control unit 201. In some implementations, the control unit 201 may include data and
modules for performing various operations in accordance with embodiments of the
present disclosure. In an embodiment, the data may be stored within the memory 302
and may include, without limiting to, start-up time data 303, engine heating time data
305 and other data 307.

In some embodiments, the data may be stored within the memory 302 in the form of
various data structures. Additionally, the data may be organized using data models,
such as relational or hierarchical data models. The other data may store data, including
temporary data and temporary files, generated by the modules for performing various
functions of the control unit 201.

In an embodiment, one or more modules may process the data of the control unit
201. In one implementation, the one or more modules may be communicatively
coupled to the processor 301 for performing one or more functions of the control unit
201. The modules may include, without limiting to, a start-up time determining module

309, a heating time determining module 311, an initiating module 313, a discontinuing
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module 315, a restarting module 317 and other modules 319.

As used herein, the term module refers to an Application Specific Integrated Circuit
(ASIC), an electronic circuit, a processor (shared, dedicated, or group) and memory
that execute one or more software or firmware programs, a combinational logic circuit,
and/or other suitable components that provide the described functionality. In an em-
bodiment, the other modules 319 may be used to perform various miscellaneous func-
tionalities of the content personalization module. It will be appreciated that such
modules may be represented as a single module or a combination of different modules.
Furthermore, a person of ordinary skill in the art will appreciate that in an imple-
mentation, the one or more modules may be stored in the memory, without limiting the
scope of the disclosure. The said modules when configured with the functionality
defined in the present disclosure will result in a novel hardware.

In an embodiment, the start-up time determining module 309 may be configured to
determine the start-up time of the engine 205. The start-up time of the engine 205 may
be determined based on at least one of SOC of a power source of the HEV, energy con-
sumption by a drive motor of the HEV, energy discharged by the power source,
electric range of the vehicle and speed of the vehicle. The determined start-up time of
the engine 205 is stored as start-up time data 303 in the memory. The process of de-
termining the start-up time of the engine 205 based on SOC of the power source is il-
lustrated in Fig.4. The process of determining start-up time of the engine 205 based on
the energy discharged by the power source is illustrated in Fig.5. The process of de-
termining the start-up time of the engine 205 based on electric range of the vehicle is
illustrated in Fig.6. The process of determining the start-up time of the engine 205
based on speed of the vehicle is illustrated in Fig.7.

In an embodiment, the heating time determining module 311 may be configured to
determine heating time of the engine 205 i.e. the time taken to pre-warm the engine
205. The heating time of the engine may be stored as engine heating time data 305.
The heating time of the engine 205 may be determined based on one or more pa-
rameters comprising ambient temperature of the engine 205, temperature of the power
source in the vehicle, temperature of an engine coolant being used for pre-warming
process, temperature of a power source coolant and flow rate of the coolant.

In an embodiment, the initiating module 313 may be configured to initiate the pre-
warming process of the engine 205. The initiating module initiates the pre-warming
process when the start-up time of the engine 205 is less than the engine heating time.

In an embodiment, the discontinuing module 315 may be configured to discontinue
the pre-warming process of the engine 205 when the start-up time of the engine 205 is
greater than the engine heating time. If the process of pre-warming is not discontinued

even if the start-up time of the engine 205 is greater than the engine heating time, this
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would result in wastage of energy as the pre-warming process is started early.

In an embodiment, the restarting module 317 may be configured to restart the pre-
warming process of the engine 205 when the start-up time of the engine 205 is less
than the engine heating time and when the pre-warming process is discontinued.

In an embodiment, the control unit 201 may continuously determine the start-up time
of the engine 205 and the engine heating time based on which the process of initiating
the pre-warming, discontinuing the pre-warming and restarting the pre-warming is
performed at plurality of second predefined time intervals in order to control the pre-
warming process of the engine 205.

Fig.4 shows a flowchart illustrating a process of determining start-up time of engine
based on State of Charge (SOC) of a power source in accordance with some em-
bodiments of the present disclosure.

At block 401, the control unit 201 may determine SOC of the power source at each
of the plurality of first predefined time intervals for a predefined time frame. As an
example, the predefined time frame may be 10 minutes. In the 10 minutes time frame,
the control unit 201 may determine the SOC of the power source at frequent time
intervals such as every 10 seconds.

At block 403, the control unit 201 may identify slope value of the SOC (dSOC/dt) at
each of the plurality of first predefined time intervals.

At block 405, the control unit 201 may check for SOC slope samples with positive
slope value and SOC slope samples with negative slope value. If the slope value of the
SOC is less than zero, the method proceeds to block 407 via “yes”. If the slope value
of the SOC is greater than zero, the method proceeds to block 406. At block 406, the
SOC slope samples with positive slope values are neglected.

At block 407, the control unit 201 may identify plurality of SOC slope samples with
negative slope value and zero slope value from the slope value of the SOC at each of
the plurality of first predefined time intervals.

At block 409, the control unit 201 may identify a minimum SOC slope and an
average SOC slope from the plurality of SOC slope samples. The minimum SOC slope
(dSOC_min/dt) is the SOC slope sample with minimum value among the plurality of
SOC slope samples and average SOC slope (dSOC_avg/dt) is based on average value
of the plurality of SOC slope samples.

At block 411, the control unit 201 may calculate a weighted average of the minimum
SOC slope and the average SOC slope (dSOC_wavg/dt) based on the minimum SOC
slope, the average SOC slope and a predefined weightage value associated with the
minimum SOC slope and the average SOC slope respectively. The weighted average
may be calculated based on predetermined weightage values wl and w2. The

weightage value w1 may be assigned to minimum SOC slope and weightage value w2
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may be assigned to average SOC slope. As an example, wl may be 20% and w2 may
be 80%. The dSOC_wavg/dt may be calculated based on the equation 1 given below.

dSOC_wavg/dt = wl(dSOC_min/dt) + w2 (dSOC_avg/dt) Equation 1

At block 413, the control unit 201 may determine the start-up time of the engine 205
(T SOC_wavg) based on the weighted average of the minimum SOC slope and the
average SOC slope, a current value of SOC (SOCcurr) of the power source and a
minimum value of SOC of the power source (SOClow) among the SOC of the power
source at each of the plurality of first predefined time intervals in the predefined time
frame as represented in the Equation 2 below

T SOC_wavg = (SOCcurr -SOClow) / (dSOC_wavg/dt) Equation
2

Fig.5 shows a flowchart illustrating a process of determining start-up time of engine

based on voltage and current value of power source in accordance with some em-
bodiments of the present disclosure.

At block 501, the control unit 201 may determine voltage and current value of the
power source at each of the plurality of first predefined time intervals for a predefined
time frame. As an example, the predefined time frame may be 10 minutes. In the 10
minutes time frame, the control unit 201 may determine voltage and current value of
the power source at frequent time intervals such as every 10 seconds.

At block 503, the control unit 201 may determine Power Source Energy (PSE) at
each of the plurality of first predefined time intervals based on the voltage and current
value of the power source.

At block 505, the control unit 201 identify slope value of the PSE (dEnergy/dt or dE/
dt) at each of the plurality of first predefined time intervals.

At block 507, the control unit 201 may check for PSE slope samples with positive
slope value and PSE slope samples with negative slope value. If the slope value of the
PSE is less than zero, the method proceeds to block 509 via “yes”. If the slope value of
the PSE is greater than zero, the method proceeds to block 506. At block 506, the PSE
slope samples with positive slope values are neglected and the method proceeds to
block 501 until the negative slope values are obtained.

At block 509, the control unit 201 may identify plurality of PSE slope samples with
negative slope value and zero slope value from the slope value of the PSE at each of
the plurality of first predefined time intervals.

At block 511, the control unit 201 may identify a minimum PSE slope and an
average PSE slope from the plurality of PSE slope samples. The minimum PSE slope
(dE_min/dt) is the PSE slope sample with minimum value among the plurality of PSE
slope samples and average SOC slope (dE_avg/dt) is based on average value of the

plurality of PSE slope samples.
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At block 513, the control unit 201 may calculate a weighted average of the minimum
PSE slope and the average PSE slope (dE_wavg/dt) based on the minimum PSE slope,
the average PSE slope and a predefined weightage value associated with the minimum
PSE slope and the average PSE slope respectively. The weighted average may be
calculated based on predetermined weightage values w1l and w2. w1 may be assigned
to minimum PSE slope and w2 may be assigned to average PSE slope. As an example,
wl may be 20% and w2 may be 80%. The dSOC_wavg/dt may be calculated based on
the Equation 3 given below.

dE_wavg/dt = wl( dE_min/dt) + w2 (dE_avg/dt) Equation 3

At block 515, the control unit 201 may be configured to determine the start-up time
of the engine 205 (T Energy_wavg) based on the weighted average of the minimum
PSE slope and the average PSE slope, a current value of PSE (Ecurr) of the power
source and a minimum value of PSE of the power source (Elow) among the PSE of the
power source at each of the plurality of first predefined time intervals in the predefined
time frame as represented in the Equation 4 below.

T Energy_wavg = (Ecurr -Elow) / (dE_wavg/dt) Equation 4

Fig.6 shows a flowchart illustrating a process of determining start-up time of engine
based on electric range of the vehicle in accordance with some embodiments of the
present disclosure.

At block 601, the control unit 201 may determine electric range of the vehicle (EV)
at each of the plurality of first predefined time intervals for a predefined time frame.
As an example, the predefined time frame may be 10 minutes. In the 10 minutes time
frame, the control unit 201 may determine voltage and current value of the power
source at frequent time intervals such as every 10 seconds The EV may be determined
based on parameters which includes, but are not limited to of the power source,
ambient temperature of the engine 205, Air Conditioner (AC) state of the vehicle, tem-
perature of the vehicle, average speed information of the vehicle.

At block 603, the control unit 201 may determine current speed of the vehicle based
on speed sensors within ECU of the vehicle. The current speed may be determined
based on parameters such as wheel rotation speed sensor and tire radius, gear ratio and
differential operation.

At block 605, the control unit 201 may calculate total distance to be travelled by the
vehicle (TD) based on the determined speed.

At block 607, the control unit 201 may determine the start-up time of the engine 205
based on the EV, TD and the current speed of the vehicle using the Equation 5 given
below.

Start Time of the Engine 205 = EV range - TD/ current speed of the vehicle
_____Equation 5
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Fig.7 shows a flowchart illustrating a process of determining start-up time of engine
based on speed of a vehicle in accordance with some embodiments of the present
disclosure.

At block 701, the control unit 201 may be configured to determine speed of the
vehicle at each of the plurality of first predefined time intervals for a predefined time
frame. The predefined time frame in this scenario is a future time where the speed of
the vehicle is predicted. As an example, the predefined time frame may be 1-2 pm on a
particular day. In the given time frame, the control unit 201 may determine voltage and
current value of the power source at frequent time intervals such as every 10 seconds.
As an example, the speed of the vehicle may be determined based on parameters such
as traffic condition in a route to be travelled by the HEV, route information of the
HEV, historical data associated with speed of the HEV, condition of the power source
of the HEV, Air Conditioner (AC) consumption, HEV parameters and road parameters.

At block 703, the control unit 201 may determine current value and power value of a
motor configured to generate driving power for the vehicle based on speed of the
vehicle.

At block 705, the control unit 201 may determine SOC of the power source based on
the current value and power value of the motor. Once the SOC of the power source is
identified, the control unit 201 may determine slope of the SOC value using the
method disclosed in Fig.4 illustration.

At block 707, the control unit 201 may determine the start-up time of the engine 205
based on at least one of slope value of the SOC at each of the plurality of first
predefined time intervals and current time and future time at which the SOC of the
power source reaches a predefined threshold value. This is based on SOC variation
which occurs in future time. As an example, at the current time, the future 200/500
values of the SOC may be predicted and stored in the memory 302. Thereafter, the
future time at which the SOC reaches the predefined threshold value may be identified
from the 200/500 values stored in the memory. As an example, the predefined
threshold value may be 50%.

Fig.8 shows a graph illustrating an exemplary process of controlling pre-warming
process of an engine of a HEV in accordance with some embodiments of the present
disclosure.

As shown in the graph 800, the x-axis represents time i.e. the start-up time of the
engine 205 and y-axis represents the SOC of the power source. For the purpose of il-
lustration and as an example only, the SOC of the power source is used for determining
the start-up time of the engine 205. Based on the SOC of the power source, represented
in the y-axis, the start-up time of the engine 205 is predicted in x-axis as shown in the
graph 800.
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As an example, the start-up time of the engine 205 determined based on the SOC of
the power source, may be at the time instant “250” as represented by curve 1. As an
example, the control unit 201 may determine the engine heating time to be “200
seconds” i.e., the engine 205 may take “200 seconds” for the warm-up. The control
unit 201 compares the engine heating time and the start-up time of the engine 205.
Since the start-up time of the engine 205 is less than the engine heating time, the
control unit 201 initiates the pre-warming process at the time instant “50” which is the
“first time”. The pre-warming process is initiated at the time instant “50” since it needs
“200 seconds” to warm up the engine 205 as the engine 205 would start at the time
instant “250”. The time at which the start-up time of the engine 205 is determined may
be represented as “second time”.

Since the control unit 201 continuously determines the start-up time of the engine
205 and the engine heating time, the control unit 201 may determine the start-up of the
engine 205 as shown in curve 2 in the graph 800 at the current time instant. As an
example, the start-up time of the engine 205 which is detected in this scenario would
be at the time instant “350” and the engine heating time may be “200 seconds”. Since
the start-up time of the engine 205 is greater than the engine heating time which is
“200 seconds”, the control unit 201 may discontinue the pre-warming process of the
engine 205 at a “third time” instant which is “100”.

Further, when the control unit 201 determines the start-up time of the engine 205 to
be less than the engine heating time, the control unit 201 may restart the pre-warming
process of the engine 205. Hence the control unit 201 may restart the process of pre-
warming at a “fourth time” “150” as shown in the graph 800.

In this manner, the control unit 201 continuously determines the engine heating time
and the start-up time of the engine 205 at plurality of time intervals based on which the
process of the initiating the pre-warming, discontinuing the pre-warming and restarting
the pre-warming is performed continuously in order to control the pre-warming
process of the engine 205.

Fig.9 shows a flowchart illustrating a method of controlling pre-warming process of
an engine of a HEV in accordance with some embodiments of the present disclosure.

As illustrated in Fig.9, the method comprises one or more blocks illustrating a
method controlling pre-warming process of an engine 205 of a HEV. The method may
be described in the general context of computer executable instructions. Generally,
computer executable instructions can include routines, programs, objects, components,
data structures, procedures, modules, and functions, which perform particular functions
or implement particular abstract data types.

The order in which the method is described is not intended to be construed as a

limitation, and any number of the described method blocks can be combined in any
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order to implement the method. Additionally, individual blocks may be deleted from
the methods without departing from the spirit and scope of the subject matter described
herein. Furthermore, the method can be implemented in any suitable hardware,
software, firmware, or combination thereof.

At block 901, the control unit 201 may initiate pre-warming process of the engine
205 at a first time.

At block 903, the control unit 201 may determine start-up time of the engine 205
based on at least one of State of Charge (SOC) of a power source, energy consumption
by a drive motor of the HEV, energy discharged by the power source, electric range of
the vehicle and speed of the vehicle obtained at each of a plurality of first predefined
time intervals. The time at which the start-up time is determined may be represented as
a second time.

At block 905, the control unit 201 may determine the engine heating time for the
engine 205 based on one or more predefined parameters. The one or more predefined
parameters may include, but are not limited to ambient temperature, temperature of the
power source, temperature of an engine coolant, temperature of a power source coolant
and flow rate of the coolant.

At block 907, the control unit 201 may discontinue the pre-warming process of the
engine 205 at a third time if the determined start-up time of the engine 205 is greater
than the engine heating time.

At block 911, the control unit 201 may restart the pre-warming process of the engine
205 at a fourth time if the determined start-up time of the engine 205 is less than the
engine heating time and when the pre-warming process of the engine 205 is dis-
continued.

At block 913, the control unit 201 may perform the process of determining the start-
up time of the engine 205, determining the engine heating time, discontinuing the pre-
warming process and restarting the pre-warming process at a plurality of second
predefined time intervals for controlling the pre-warming process of an engine 205.
The process of determining the start-up time of the engine 205 and the engine heating
time is performed at regular time intervals for controlling the pre-warming process of
the engine 205.

Fig.10A illustrates the process of pre-warming the engine using the heat recovered
from other components in the HEV. Fig.10B illustrates the process of pre-warming the
engine using the heat from Phase Change Materials (PCM). Fig.10C illustrates the
process of pre-warming the engine 205 using the electrical heating. Fig.10D illustrates
the process of pre-warming the engine 205 using the heated coolant stored in a storage
tank of the vehicle. As shown in Fig.10A, 10B, 10C and 10D arrow marks from each

block such as inverter, motor, generator, low temperature radiator, head block, cabin
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heater, Exhaust Gas Recirculation (EGR) cooler and high temperature radiator indicate
direction of coolant flow. The heat sources for pre-warming the engine 205 are
inverter, motor and generator which are High Voltage (HV) components in HV cooling
loop 204. As shown in Fig.10A, the control valve may be switched to direct the coolant
flow from HV cooling loop to engine cooling loop 206 based on a control signal. The
control signal is based on the decision made by the ECU/control unit 201 for the pre-
warming process.

As shown in Fig.10B, the control valve may be switched to direct the coolant flow
from HV cooling loop 204 to engine cooling loop 206 through PCM heat exchange
based on control signal. Alternatively, any one among PCM or HV cooling can be used
based on how coolant loop is installed in the HEV. The control signal is based on the
decision made by ECU 201 for pre-warming process.

As shown in Fig.10C, the electrical heater (conventionally, Positive Temperature Co-
efficient (PTC) material based) used for pre-warming process of the engine 205. The
control valve may be switched to direct the coolant flow from HV cooling loop to
engine cooling loop 206 through PTC heat exchanger based on a control signal. Alter-
natively, any one among PTC or HV cooling can be used based on how coolant loop is
installed in the HEV. The control signal is based on the decision made by ECU 201 for
the pe-warming process.

As shown in Fig.10D the heated coolant stored in a storage tank is used for the pre-
warming process of the engine 205. The heated coolant may be either from HV
components /engine/both). As an example, the heated coolant received from HV is
shown in Fig.10D. The control valve may be switched to direct the hot coolant flow
from the storage tank to engine cooling loop 206 based on a control signal. The control
signal is based on a decision made by ECU 201 for the pre-warming process.

In an embodiment, once the pre-warming process is performed, the control valve
may be used to achieve other conventional objectives which may include, but not
limited to, coolant temperature and cabin heating.

Advantages of Present Disclosure

In an embodiment, the present disclosure provides a method and system for con-
trolling pre-warming process of an engine of a Hybrid Electric Vehicle (HEV).

In an embodiment, the present disclosure determines start-up time of the engine
using multiple State of Charge (SOC) of the power source which results in accurate
prediction of the engine start-up time.

In an embodiment, the present disclosure controls the pre-warming process of the
engine based on the determined start-up time which results in energy efficiency and
provides sufficient time for the engine warm-up.

"non

The terms "an embodiment”, "embodiment

" " " "

, "embodiments", "the embodiment", "the
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"non "non

embodiments", "one or more embodiments”, "some embodiments", and "one em-
bodiment" mean "one or more (but not all) embodiments of the invention(s)" unless

expressly specified otherwise.
[0092]  The terms "including", "comprising", “having” and variations thereof mean

"including but not limited to", unless expressly specified otherwise. The enumerated
listing of items does not imply that any or all the items are mutually exclusive, unless
expressly specified otherwise.

[0093]  The terms "a", "an" and "the" mean "one or more", unless expressly specified
otherwise.

[0094] A description of an embodiment with several components in communication with
each other does not imply that all such components are required. On the contrary, a
variety of optional components are described to illustrate the wide variety of possible
embodiments of the invention.

[0095]  When a single device or article is described herein, it will be clear that more than one
device/article (whether they cooperate) may be used in place of a single device/article.
Similarly, where more than one device or article is described herein (whether they
cooperate), it will be clear that a single device/article may be used in place of the more
than one device or article or a different number of devices/articles may be used instead
of the shown number of devices or programs. The functionality and/or the features of a
device may be alternatively embodied by one or more other devices which are not ex-
plicitly described as having such functionality/features. Thus, other embodiments of
the invention need not include the device itself.

[0096]  Finally, the language used in the specification has been principally selected for
readability and instructional purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore intended that the scope of the
invention be limited not by this detailed description, but rather by any claims that issue
on an application based here on. Accordingly, the embodiments of the present
invention are intended to be illustrative, but not limiting, of the scope of the invention,
which is set forth in the following claims.

[0097]  While various aspects and embodiments have been disclosed herein, other aspects
and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to
be limiting, with the true scope and spirit being indicated by the following claims.
Reference Signs List

[0098] 100: Graph [Prior Art]

200: Environment
201: Control unit
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Claims

A method for controlling pre-warming process of an engine of a Hybrid
Electric Vehicle (HEV), the method comprising:

initiating, by a control unit associated with the HEV, pre-warming
process of the engine at a first time;

determining, by the control unit, the start-up time of the engine based
on at least one of State of Charge (SOC) of a power source, energy con-
sumption by a drive motor of the HEV, energy discharged by the power
source, electric range of the vehicle and speed of the vehicle obtained at
first predefined time intervals, wherein the start-up time of the engine is
determined at a second time;

determining, by the control unit, engine heating time for the engine
based on one or more predefined parameters;

discontinuing, by the control unit, the pre-warming process of the
engine at a third time when the determined start-up time of the engine
is greater than the engine heating time;

restarting, by the control unit, the pre-warming process of the engine at
a fourth time when the determined start-up time of the engine is less
than the engine heating time and when the pre-warming process of the
engine is discontinued; and

performing, by the control unit, process of determining the start-up
time of the engine, determining the engine heating time, discontinuing
the pre-warming process and restarting the pre-warming process at
second predefined time intervals thereby controlling the pre-warming
process of an engine.

The method as claimed in claim 1, wherein the pre-warming process of
the engine is initiated prior to the start-up time of the engine.

The method as claimed in claim 1, wherein the one or more parameters
comprises ambient temperature, temperature of the power source, tem-
perature of an engine coolant, temperature of a power source coolant
and flow rate of the coolant.

The method as claimed in claim 1, wherein the second time is later than
the first time.

The method as claimed in claim 1, wherein determining the start-up
time of the engine comprises:

determining SOC of the power source at each of the plurality of first

predefined time intervals for a predefined time frame;
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identifying slope value of the SOC at each of the plurality of first
predefined time intervals;

identifying plurality of SOC slope samples with negative slope value
and zero slope value from the slope value of the SOC at each of the
plurality of first predefined time intervals;

identifying a minimum SOC slope and an average SOC slope from the
plurality of SOC slope samples, wherein the minimum SOC slope is the
SOC slope sample with minimum value among the plurality of SOC
slope samples and average SOC slope is based on average value of the
plurality of SOC slope samples;

calculating a weighted average of the minimum SOC slope and the
average SOC slope based on the minimum SOC slope, the average
SOC slope and a predefined weightage value associated with the
minimum SOC slope and the average SOC slope respectively; and
determining the start-up time of the engine based on the weighted
average of the minimum SOC slope and the average SOC slope, a
current value of SOC of the power source and a minimum value of
SOC of the power source among the SOC of the power source at each
of the plurality of first predefined time intervals in the predefined time
frame.

The method as claimed in claim 1, wherein determining the start-up
time of the engine comprises:

determining voltage and current value of the power source at each of
the plurality of first predefined time intervals for a predefined time
frame;

determining Power Source Energy (PSE) at each of the plurality of first
predefined time intervals based on the voltage and current value of the
power source;

identifying slope value of the PSE at each of the plurality of first
predefined time intervals;

identifying plurality of PSE slope samples with negative slope value
and zero slope value from the slope value of the PSE at each of the
plurality of first predefined time intervals;

identifying a minimum PSE slope and an average PSE slope from the
plurality of PSE slope samples, wherein the minimum PSE slope is the
slope sample with minimum value among the plurality of PSE slope
samples and average PSE slope is based on average value of the

plurality of PSE slope samples;
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calculating a weighted average of the minimum PSE slope and the
average PSE slope based on the minimum PSE slope, average PSE
slope and a predefined weightage value associated with the minimum
PSE slope and the average PSE slope respectively; and

determining the start-up time of the engine based on the weighted
average of the minimum PSE slope and the average PSE slope, a
current value of the PSE and minimum value of the PSE among the
PSE at each of the plurality of first predefined time intervals in the
predefined time frame.

The method as claimed in claim 1, wherein the pre-warming process of
the engine is initiated when the start-up time of the engine is less than
the engine heating time.

The method as claimed in claim 1, wherein determining the start-up
time of the engine comprises:

determining speed of the vehicle at each of the plurality of first
predefined time intervals for a predefined time frame;

determining current value and power value of a motor configured to
generate driving power for the vehicle based on speed of the vehicle;
determining SOC of the power source based on the current value and
power value of the motor; and

determining the start-up time of the engine based on at least one of
slope value of the SOC at each of the plurality of first predefined time
intervals and current time and future time at which the SOC of the
power source reaches a predefined threshold value.

The method as claimed in claim 8, wherein the speed of the HEV is de-
termined based on one or more parameters, in the predefined time
frame, comprising traffic condition in a route to be travelled by the
HEYV, route information of the HEV, historical data associated with
speed of the HEV, condition of the power source of the HEV, Air Con-
ditioner (AC) consumption, HEV parameters and road parameters.

The method as claimed in claim 1, wherein determining the start-up
time of the engine comprises:

determining electric range of the vehicle (EV) at each of the plurality of
first predefined time intervals for a predefined time frame based on one
or more parameters comprising SOC of the power source, ambient tem-
perature of the engine, Air Conditioner (AC) state of the vehicle, tem-
perature of the vehicle, average speed information of the vehicle;

determining current speed of the vehicle;
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calculating total distance to be travelled by the vehicle (TD) based on
the determined speed; and

determining the start-up time of the engine based on the EV, TD and
the current speed of the vehicle.

A control unit for controlling pre-warming process of an engine of a
Hybrid Electric Vehicle (HEV), the control unit comprising:

a processor; and

a memory communicatively coupled to the processor, wherein the
memory stores the processor-executable instructions, which, on
execution, causes the processor to:

initiate pre-warming process of the engine at a first time;

determine the start-up time of the engine based on at least one of State
of Charge (SOC) of a power source, energy consumption by a drive
motor of the HEV, energy discharged by the power source, electric
range of the vehicle and speed of the vehicle obtained at first
predefined time intervals, wherein the start-up time of the engine is de-
termined at a second time;

determine engine heating time for the engine based on one or more
predefined parameters;

discontinue the pre-warming process of the engine at a third time when
the determined start-up time of the engine is greater than the engine
heating time;

restart the pre-warming process of the engine at a fourth time when the
determined start-up time of the engine is less than the engine heating
time and when the pre-warming process of the engine is discontinued;
and

perform process of determining the start-up time of the engine, de-
termining the engine heating time, discontinuing the pre-warming
process and restarting the pre-warming process at second predefined
time intervals thereby controlling the pre-warming process of an
engine.

The control unit as claimed in claim 11, wherein the pre-warming
process of the engine is initiated prior to the start-up time of the engine.
The control unit as claimed in claim 11, wherein the one or more pa-
rameters comprises ambient temperature, temperature of the power
source, temperature of an engine coolant, temperature of a power
source coolant and flow rate of the coolant.

The control unit as claimed in claim 11, wherein to determine the start-
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up time of the engine the instructions causes the processor to:
determine SOC of the power source at each of the plurality of first
predefined time intervals for a predefined time frame;

identify slope value of the SOC at each of the plurality of first
predefined time intervals;

identify plurality of SOC slope samples with negative slope value and
zero slope value from the slope value of the SOC at each of the
plurality of first predefined time intervals;

identify a minimum SOC slope and an average SOC slope from the
plurality of SOC slope samples, wherein the minimum SOC slope is the
SOC slope sample with minimum value among the plurality of SOC
slope samples and average SOC slope is based on average value of the
plurality of SOC slope samples;

calculate a weighted average of the minimum SOC slope and the
average SOC slope based on the minimum SOC slope, the average
SOC slope and a predefined weightage value associated with the
minimum SOC slope and the average SOC slope respectively; and
determine the start-up time of the engine based on the weighted average
of the minimum SOC slope and the average SOC slope, a current value
of SOC of the power source and a minimum value of SOC of the power
source among the SOC of the power source at each of the plurality of
first predefined time intervals in the predefined time frame.

The control unit as claimed in claim 11, wherein to determine the start-
up time of the engine, the instructions causes the processor to:
determine voltage and current value of the power source at each of the
plurality of first predefined time intervals for a predefined time frame;
determine Power Source Energy (PSE) at each of the plurality of time
intervals based on the voltage and current value of the power source;
identify slope value of the PSE at each of the plurality of time intervals;
identify plurality of PSE slope samples with negative slope value and
zero slope value from the slope value of the PSE at each of the plurality
of time intervals;

identify a minimum PSE slope and an average PSE slope from the
plurality of PSE slope samples, wherein the minimum PSE slope is the
slope sample with minimum value among the plurality of PSE slope
samples and average PSE slope is based on average value of the
plurality of PSE slope samples;

calculate a weighted average of the minimum PSE slope and the
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average PSE slope based on the minimum PSE slope, average PSE
slope and a predefined weightage value associated with the minimum
PSE slope and the average PSE slope respectively; and

determine the start-up time of the engine based on the weighted average
of the minimum PSE slope and the average PSE slope, a current value
of the PSE and minimum value of the PSE among the PSE at each of
the plurality of first predefined time intervals in the predefined time
frame.

The control unit as claimed in claim 11, wherein the second time is
later than the first time.

The control unit as claimed in claim 11, wherein the processor initiates
pre-warming process of the engine when the start-up time of the engine
is less than the engine heating time.

The control unit as claimed in claim 11, wherein to determine the start-
up time of the engine, the instructions causes the processor to:
determine speed of the vehicle at each of the plurality of first
predefined time intervals for a predefined time frame;

determine current value and power value of a motor configured to
generate driving power for the vehicle based on speed of the vehicle;
determine SOC of the power source based on the current value and
power value of the motor; and

determine the start-up time of the engine based on at least one of slope
value of the SOC at each of the plurality of first predefined time
intervals and current time and future time at which the SOC of the
power source reaches a predefined threshold value.

The control unit as claimed in claim 18, wherein the speed of the HEV
is determined based on one or more parameters, in the predefined time
frame, comprising traffic condition in a route to be travelled by the
HEYV, route information of the HEV, historical data associated with
speed of the HEV, condition of the power source of the HEV, Air Con-
ditioner (AC) consumption, HEV parameters and road parameters.

The control unit as claimed in claim 11 is associated with one or more
heat sources for initiating the pre-warming process of the engine, dis-
continuing the pre-warming process of the engine and re-starting the
pre-warming process of the engine.

The control unit as claimed in claim 11, wherein to determine the start-
up time of the engine, the instructions causes the processor to:

determine electric range of the vehicle (EV) based on one or more pa-
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rameters comprising SOC of the power source, ambient temperature of
the engine 205, Air Conditioner (AC) state of the vehicle, temperature
of the vehicle, average speed information of the vehicle;

determine current speed of the vehicle;

calculate total distance to be travelled by the vehicle (TD) from the
measured speed; and

determine the start-up time of the engine based on the EV range, TD
and the current speed of the vehicle.

A control unit for controlling pre-warming process of an engine of a
Hybrid Electric Vehicle (HEV), the control unit comprising:

a processor; and

a memory communicatively coupled to the processor, wherein the
memory stores the processor-executable instructions, which, on
execution, causes the processor to:

initiate pre-warming process of the engine at a first time;

determine the start-up time of the engine based on at least one of State
of Charge (SOC) of a power source, energy consumption by a drive
motor of the HEV, energy discharged by the power source, electric
range of the vehicle and speed of the vehicle obtained at each of a
plurality of first predefined time intervals, wherein the start-up time of
the engine is determined at a second time;

determine engine heating time for the engine based on one or more
predefined parameters; and

perform process of determining the start-up time of the engine and de-
termining the engine heating time at a plurality of second predefined
time intervals thereby controlling the pre-warming process of an
engine.

The control unit as claimed in claim 22, wherein the processor de-
termines the start-up time of the engine by:

calculating a change in quantity of at least one of State of Charge
(SOC) of a power source, energy consumption by a drive motor of the
HEV, energy discharged by the power source, electric range of the
vehicle and speed of the vehicle obtained at each of a plurality of first
predefined time intervals; and

determining the start-up time of the engine based on the change in
quantity at each of a plurality of the first predefined time intervals.
The control unit as claimed in claim 22, wherein the processor is

further configured to:



WO 2020/175641

26
PCT/JP2020/008138

discontinue the pre-warming process of the engine at a third time when
the determined start-up time of the engine is greater than the engine
heating time;

restart the pre-warming process of the engine at a fourth time when the
determined start-up time of the engine is less than the engine heating
time and when the pre-warming process of the engine is discontinued;
and

perform process of determining the start-up time of the engine and de-
termining the engine heating time, discontinuing the pre-warming
process and restarting the pre-warming process at a plurality of second
predefined time intervals thereby controlling the pre-warming process

of an engine.



1/11

WO 2020/175641

[Fig. 1]

PCT/JP2020/008138

A \
Current time
U instant 100
g N\
w2
0 Curve-3 Predicted Predicted
2 Engine redicte
2-5 ON time, OI?\?%_me
> Case 1 ime,
ase Case 2
EngineOnSOC | ———4{ — === ————————— VA NV A
threshold ;
| | | I | [
0 50 100 150 200 250 300 350
Engine X-Axis 2> Time
Start of Pre-warming S.tart
based on predicted Time
Engine On, case 1 \A1 (Actual)
Start of Pre-warming
based on predicted
Heat Input Engine On, case 2 \l—_‘

Fig.1 (Prior Art)



2/11

WO 2020/175641 PCT/JP2020/008138

[Fig. 2]

\

200
Control unit 201

Y

Heat Sources 203 Engine 203

Fig.2



3/11

WO 2020/175641
[Fig. 3]
Control Unit 201
Processor 301
Memory 302

ittt Sttt

i Data i

| | Start-Up Time Data Engine Heating Other data |

l 303 Time Data 305 307 :

| |

L e |
: Modules :
| |
| |
: Start-up time Heating time Initiatin !
! | determining Module determining Module & !
| module 313 | |
| 309 311 |
| I
| Di finui !
| iscontinuing Restarting module Other modules ||
| module 317 319 |
| 315 I
Lo I

PCT/JP2020/008138



WO 2020/175641

[Fig. 4]

4/11

Determine SOC of power source at each of plurality of first
predefined time intervals for a predefined time frame

/ 401

}

Identify slope value of the SOC at each of plurality of first

predefined time intervals

403

406

~

Neglect the SOC slope sample
with positive slope value

Slope value of
SOC is less than

405

Ze10

Identity plurality of SOC slope samples with negative and zero
slope value

407

!

Identify minimum SOC slope and average SOC slope from plurality
of SOC slope samples

409

/’

}

Calculate weighted average of minimum SOC slope and average
SOC slope

411

/’

!

Determine start-up time of the engine based on weighted average of
the minimum SOC slope and the average SOC slope, a current value
of SOC of the power source and a minimum value of SOC of the
power source

413
/—’

Fig.4

PCT/JP2020/008138



5/11

WO 2020/175641

[Fig. 5]

506

S~

plurality of first predefined time intervals for a predefined time
frame

predetermined time intervals

¥

predefined time intervals

507

Neglect the PSE slope sample
with positive slope value

Slope value of
PSE is less than
7e10

Identify slope value of the PSE at each of plurality of first /—

Identify plurality of PSE slope samples with negative and zero slope
value

/"

l

Identify minimum PSE slope and average PSE slope from plurality
of PSE slope samples

/’

!

Calculate weighted average of minimum PSE slope and average
PSE slope

/’

l

Determine start-up time of the engine based on weighted average of
the minimum PSE slope and the average PSE slope, a current value
of PSE of the power source and a minimum value of PSE of the
power source

/’

Fig.5

Determine voltage and current value of power source at each of /' 501

503
Determine Power source energy (PSE) at each of plurality of first /_

505

509

511

513

515

PCT/JP2020/008138



6/11

WO 2020/175641 PCT/JP2020/008138

[Fig. 6]

601

Determine electric range of the vehicle (EV)

/’ 603

Determine current speed of the vehicle

Y

605
Calculate total distance to be travelled by the vehicle (TD) Based on the /-
determined speed

Y 607
Determine start-up time of the engine based on the EV, TD and current speed of |/

the vehicle.

Fig.6

[Fig. 7]

701
Determine speed of vehicle at each of plurality of first predefined /-
time intervals for a predefined time frame

/‘ 703

Determine current value and power value of motor

Y

705
Determine SOC of power source based on current value and power K
value of motor

Y

Determine start-up time of the engine based on slope value of the 707
SOC at each of the plurality of first predefined time intervals and /'
current time and future time at which the SOC of the power source
reaches a predefined threshold value

Fig.7



7/11

WO 2020/175641 PCT/JP2020/008138
[Fig. 8]
]
o]
7]
N
3
o
SOC -
Threshold
| | | | | | -
0 50 100 150 200 250 300 350
X-Axis 2 Time
Heat Input \
. Discontinue Re-start Pre-  Time Instant 250, Second
Initiate Pre- Pre-warming warming time = Start-up time of
warming .
engine

Time Instant 50> First
Time

Time Instant 100> Third
Time

Time Instant 150> Fourth
Time

Fig.8



8/11

WO 2020/175641

[Fig. 9]

Initiate pre-warming process of the engine at a first time

901

h 4

Y

Determine start-up time of the engine ata second time

/‘ 903

A 4

Determine the engine heating time for engine

905

A 4

Discontinue the pre-warming process of the engine at a third time

/- 907

Restart pre-warming process of the engine at a fourth time

/- 909

Y

Perform the process of initiating the pre-warming, discontinuing the

pre-warming, restarting the pre-warming at predefined time intervals
to control the pre-warming process

911
/

Fig.9

PCT/JP2020/008138



9/11

WO 2020/175641 PCT/JP2020/008138

[Fig. 10A]

201

ECU

sy s e e e e i 1

inverter HHE I
I |} | Battery SOC,

Voltage, Current v

XD
Cooling Fan

Motor : Generator Low Temperature
2 O 3 4 Radiator

High Temperature
Radiator

Cabin Heater —4 /" 206

A

EGR Cooler * ’ Fig.10A




WO 2020/175641

[Fig. 10B]

S

203

Heat Souroe§

[Fig. 10C]

10/11

PCT/JP2020/008138

201

e ———— — 204

ECU

: Battery S0C,
; Voltage, Current

Motor

Cooling Fan

Gensrator

Cabin Heater

¥ | ow Temperature
Radiator

High Temperature
Radiator

b,
leuaieiy
ebiueyn

o581l

Control
Valve

206

EGR Cooler

Fig.10B

S

203

éattery S0C,
i Voltage, Current

Motor

203

Cooling Fan

Heat Source§

ﬂ{ Generator

Cabin Heater

| ow Temperalure
Radiator

L -]
isjeeH
1eoLI08|

High Temperature
Radiator

Control
Valve

206

EGR Cooler

Fig.10C



WO 2020/175641

[Fig. 10D]

203

11/11

PCT/JP2020/008138

201

W,M‘.,‘,E?,MWM [

———x 204

i Battery 80C,
: Voltage, Current

Motor

Gensrator

Cooling Fan

Cabin Heater

*® ow Temperature
Radiator

High Temperature
Radiator

Control
Valve

206
H
%\1
EGR Cooler  $—3—

Fig.10D



INTERNATIONAL SEARCH REPORT International application No.
PCT/JP2020/008138

A. CLASSIFICATION OF SUBJECT MATTER

B60W 20/16(2016.01)i; B60W 10/06(2006.01)i; FOIN 3/20(2006.01)i; FOIN 3/24(2006.01)i
FI. B60W20/16 ZHV; B60W 10/06 900; FO1N3/20 D; FOIN3/24 R

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

B60W20/16; B6OW 10/06; FOIN3/20; FOIN3/24

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Published examined utility model applications of Japan 1922-1996
Published unexamined utility model applications of Japan 1971-2020
Registered utility model specifications of Japan 1996-2020
Published registered utility model applications of Japan 1994-2020

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2013-160058 A (DENSO CORPORATION) 19 August 2013 (2013-08-19) 22-23
paragraphs [0042]-[0047], [0075], [0103]-[0119], Figs. 1, 5-6
Y 1-4,7-13, 16-21, 24
A 5-6, 14-15
Y US 2010/0185349 A1 (TOYOTA JIDOSHA KABUSHIKI KAISHA) 22 July 2010 1-4,7-13, 16-21, 24

(2010-07-22)
paragraphs [0050], [0055]-[0059], [0064]-[0068], Fig. 4

Y JP 2013-159176 A (SUZUKI MOTOR CORPORATION) 19 August 2013 (2013-08-19) 3,13
paragraphs [0029], [0032]-[0035], Fig. 6

A JP 2010-138868 A (FUJITSU TEN LIMITED) 24 June 2010 (2010-06-24) 1-24
paragraphs [0019]-[0020], [0037]-[0039], [0051]-[0055], [0065]-[0071], Figs. 1, 4-5

D Further documents are listed in the continuation of Box C. See patent family annex.

*  Special categories of cited documents: «1> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

s dier annlicati i b blished - after the international X document of particular relevance; the claimed invention cannot be

E ?Zf 161 dapp 1cation or patent but published on or after the internation considered novel or cannot be considered to involve an inventive step
ling date when the document is taken alone

LT dpcgment le)ll‘?hhllzﬁ‘y thfgl‘.’v d(.)ubtz on plélorltyhclz.um(s). or wl_nctl;lls_ «“y” document of particular relevance; the claimed invention cannot be
cited tlo.esFa 1sn the Pfl.l dlcatlon ate of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

«“0” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

«p>” document published prior to the international filing date but later than
the priority date claimed

«A” document defining the general state of the art which is not considered
to be of particular relevance

Date of the actual completion of the international search Date of mailing of the international search report
07 May 2020 02 June 2020
Name and mailing address of the [SA/JP Authorized officer
Japan Patent Office
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo KAMIYAMA, Takayuki 3H 3428
100-8915, Japan
Telephone No. +81-3-3581-1101 Ext. 3395

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members

PCT/JP2020/008138
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
JP 2013-160058 A 19 August 2013 WO 2013/114843 Al
uUs 2010/0185349 Al 22 July 2010 JP 2008-120333 A
WO 2008/059944 Al
EP 2083156 Al
CN 101542095 A
Ip 2013-159176 A 19 August 2013 (Family: none)
Ip 2010-138868 A 24 June 2010 (Family: none)

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - wo-search-report
	Page 41 - wo-search-report

