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(57) Abstract

A portable hand-carrying auto—polarity battery booster apparatus includes a power storage device which is capable of providing
power to an electrical system such as a battery. For example, the portable apparatus can be used to jump start a vehicle with a dead battery.
The apparatus is compact in size which encloses the power storage device, the at least four connecting cables, and many other electrical
circuits in a compact housing. The portable apparatus also includes an auto—polarity switch in the housing which ensures a proper polarity
connection between the power storage device of the apparatus and the electrical system.
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PORTABLE BATTERY CHARGER INCLUDING AUTO-POLARITY
SWITCH

Field of the Invention

This invention relates generally to portable charging systems, and more
specifically to portable charging systems including an auto-polarity switch for
providing a proper polarity connection in charging batteries or jump starting an

automobile which has a discharged battery.

Background of the Invention

Most automobiles or other devices powered by an internal combustion
engine, such as watercraft, etc., rely at least in part on a battery as part of its power
source. For example, an automobile needs a battery to start the engine operating (the
engine must be spun up to speed externally before they can operate). Once the
engine is operating or running, the battery is charged by a generator connected to the
engine. The battery is usually able to store enough charge for the periods that the
engine is not running in order to start the engine when needed.

There are many things that will cause a battery to lose its charge, such as
leaving the lights on or playing the radio after the engine is tumed off, or a short
circuit in the battery which drains the battery. When there is not enough charge in
the battery, the engine cannot be started, i.e. the battery is discharged. As a resuilt,
the battery must be recharged or boosted by another power source. Very often
another vehicle is brought to the vicinity of the vehicle with the discharged battery to
jump start the vehicle. Another solution was proposed by U.S. Patent 5,589,292
which provides a portable booster battery to recharge the discharged battery.

One concern in using a portable battery such as the portable booster battery
disclosed U.S. Patent No. 5,589,292 to charge batteries that have been discharged is
making sure that proper polarity between the portable battery and the battery to be
charged is proper. It is imperative to connect the portable battery and the battery to
be charged with proper polarity, i.e. positive to positive terminal connections and
negative to negative terminal connections. Failure to do so will rapidly drain the

portable battery and further cause serious damage to either or both electrical systems
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that the two batteries are used in. However, it is often difficult tq determine which
battery terminal is positive and which is negative because of the accumulation of dirt
or lack of lighting. .

The polarity problem has been solved by a variety of methods in the battery
jumper cable arrangement environment, such as the technique disclosed in U.S.
Patent No. 4,400,658. There is a need for a portable battery charging system that has
the polarity problem solved. Such a portable charging system would need to provide
a charge or boost to another battery regardless of the charging terminals of the
battery to be charged to which the positive or negative terminals of the portable
charging system are connected. Such a system would eliminate the problems and
dangers associated with incorrect charging battery to discharged battery terminal

connections.

Summary of the Invention

The present invention relates to a portable battery with an auto-polarity
switch for providing a proper polarity connection in charging a battery of a device,
such as an automobile, i.e. jump starting an automobile, etc.

The present invention provides for a portable, auto-polarity battery booster
apparatus. The portable apparatus in accordance with the present invention includes
a power storage device, such as a battery, which is capable of providing power to an
electrical system such as another battery. The portable apparatus can also be used in
many other power supply applications or battery charging applications. For
example, it can be used to jump start a vehicle with a dead battery. The apparatus
can also be recharged by an outside power source. Further, the portable apparatus
ensures a proper polarity connection between the power storage device of the

apparatus and the electrical system.

Brief Description of the Drawings

Referring to the drawings wherein like numerals represent like parts
throughout the several views:
FIGURE 1 is a schematic view of a general embodiment of the auto-polarity

battery booster apparatus;
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FIGURE 2 is a front view of a portable, auto-polarity battery booster
apparatus in accordance with the present invention;

FIGURE 3 is a back view of the battery booster apparatus of FIGURE 2;

FIGURE 4 is a top view of the battery booster apparatus of FIGURE 2;

FIGURE 5 is a bottom view of the battery booster apparatus of FIGURE 2;

FIGURE 6 is a plane view of the inside of the battery booster apparatus of
FIGURE 2;

FIGURE 7 is a schematic view of a specific embodiment of the auto-polarity
battery booster apparatus;

FIGURE 8 is a plane view of one embodiment of an auto-polarity switch of
the battery booster apparatus;

FIGURE 9 is a perspective view of the auto-polarity switch;

FIGURE 10 is an exploded view of the auto-polarity switch;

FIGURE 11 is a front view of the auto-polarity switch; and

FIGURE 12 is a cross-sectional view of the auto-polarity switch along line

A-A of FIGURE 11.

General Description

In one embodiment constructed according to the principles of the present
invention, a portable battery booster apparatus for boosting an electrical system with
a first terminal and a second terminal, comprises a battery having a first terminal and
a second terminal, a housing enclosing the battery and the first and second terminals
of the battery, an automatic switch having a first pair of contacts and a second pair of
contacts, the switch being enclosed in the housing, a first cable with a first end
connected to the first terminal of the battery and a second end selectively connected
to a first contact of the first pair of contacts of the switch, the first cable being
enclosed in the housing, a second cable with a first end connected to the second
terminal of the battery and a second end selectively connected to a second contact of
the first pair of contacts of the switch, the second cable being enclosed in the
housing, a third cable with a first end connected to a first contact of the second pair
of contacts of the switch, the first end of the third cable being partially enclosed in
the housing, a fourth cable with a first end connected to a second contact of the

second pair of contacts of the switch, the first end of the fourth cable being partially
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enclosed in the housing, a first clamp connecting to a second end of the third cable,
the first clamp being detachably mounted onto a first side of outside of the housing,
a second clamp connecting to a second end of the fourth cable, the second clamp
being detachably mounted onto a second side of the outside of the housing, and
wherein when the electrical system is boosted by the battery booster apparatus, the
first clamp and the second clamp connect to the first terminal and the second
terminal of the electrical system, respectively, such that the first and second
terminals of the battery are electrically connected to the first and second terminals of
the electrical system, the switch switches connections between the first pair of
contacts and the second pair of the contacts to ensure that the first terminal of the
battery and the first terminal of the electrical system have the same polarity, and the
second terminal of the battery and the second terminal of the electrical system have
the same polarity.

In one aspect of the invention, the apparatus may also include an ON/OFF
switch. The ON/OFF switch is connected between the battery and the switch. When
the ON/OFF switch is off, the switch is in a neutral, non-contacting position, and the
first pair of contacts are not electrically connected with the second pair of contacts.
When the ON/OFF switch is on, the electrical system is boosted by the battery.

In another aspect of the invention, in a first embodiment the auto-polarity
switch comprises three coils which are wound around two cores and a plunger,
respectively. The plunger is moved to a first contacting position when the first
terminals of the battery and the electrical system have the same polarity and the
second terminals of the battery and the electrical system have the same polarity. The
plunger is moved to a second contacting position when the first terminals of the
battery and the electrical system have the opposite polarity and the second terminals
of the battery and the electrical system have the opposite polarity. In one
embodiment, the switch is a double pole double throw switch.

In the first embodiment of the switch in accordance with the invention, the
coil assembly has a bobbin shape with two dividers for separating the first, second,
and third coils from each other. In addition, the switch may include an enclosure for
enclosing the coil assembly. The plunger extends from the enclosure and connects

to a double pole double throw switch.
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In the first embodiment of the switch in accordance with the present
invention, the first pair of contacts are arranged and configured to be a pair of
bottom switch contacts and a pair of top switch contacts. When the plunger is in the
first contacting position, the bottom switch contacts are connected to the second pair
of contacts, and when the plunger is in the second contacting position, the top switch
contacts are connected to the second pair of contacts.

In a second embodiment, the auto-polarity switch includes a polarity sensing -
circuit, and a reversing relay operated by the sensing circuit. The sensing circuit
includes a full wave rectifier electrically connected to a differential amplifier circuit
which is electrically connected to external cables having clamps electrically
connected thereto, which are to be removably attached to the battery to be charged.
The full wave rectifier provides a positive voltage to the polarity sensing circuit
regardless of the polarity connection of the clamps to the source to be charged. The
differential amplifier circuit is electrically connected to a first relay coil and a second
relay coil which are electrically connected to the relay control circuit and cause
selective activation of movable contacts in the relay to so that the reversing relay
acts as a switch in switching the connections between a first pair of contacts and a
second pair of the contacts to ensure that a first terminal of the battery and a first
terminal of the electrical system have the same polarity, and a second terminal of the
battery and a second terminal of the electrical system have the same polarity.

In other embodiments, such as the embodiment shown in Figure 1, the auto-
polarity switch may be an electromechanical type, or an electronic type comprised of
solid state devices or microprocessor type, all of which would include a type of
change-over switch 50. In such other embodiments the auto-polarity switch 50
would include a polarity detector comprised of a electric differential type, a
processing circuit and two sets of pairs of electrical transmission conducting wires
terminals. The switch would be installed between the portable charger battery 50
and the external charging source connection cables 24 and 26 to provide for
switching between two pair of contacts connected to a pair of electrical transmission
conducting wires terminals 28 and 30.

It will be appreciated that other types of suitable auto-polarity switches can

be used without departing from the present invention. The examples of the other
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types of switches, but not limited to these examples, are solid-state switches or other
electro-mechanical switching devices. It will be also appreciated that other
conventional polarity detection/protection devices, or automatic polarity sensing
battery charger devices can be used without departing from the present invention.

In another aspect of the invention, the housing includes switch retention
grooves for retaining the switch in one side of the housing. The housing also
includes cable retention grooves for retaining the first, second, third, and fourth
cables to the housing. Further, the housing includes battery retention grooves for
retaining the battery to the housing.

In yet another aspect of the invention, the apparatus includes a first holster
for receiving and covering the first clamp and a second holster for receiving and
covering the second clamp. In one embodiment, the first and second holsters are
attached to the outside of the housing. Further, the first and second holsters are
pivotably connected to the housing.

In an additional aspect of the present invention, a plurality of accessories can
be included to provide additional features and advantages of the invention. For
example, a display can be included to display a level of charge remaining in the
battery. A cigarette lighter female receptacle member can also be added to provide
power to an electrical system which is equipped with a male cigarette lighter plug.
Further, a male cigarette lighter plug member can be added to the present invention
to provide it with the ability to connect the battery in the housing to a power source
outside the housing to recharge the battery. Furthermore, a handle can be included
to carry the battery booster apparatus such that the housing and the handle form a
portable box unit.

While the invention will be described with respect to a preferred embodiment
configuration and with respect to particular components, it will be understood that
the invention is not to be construed as limited by such configurations or components.
Further, while the preferred embodiment of the invention will be described in
relation to boosting or recharging a vehicle or automobile battery, it will be
understood that the scope of the invention is not to be limited by this environment in

which the preferred embodiment is described herein.
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These and various other advantages and features which characterize the
invention are pointed out with particularity in the claims annexed hereto and forming
a part hereof. However, for a better understanding of the invention, its advantages
and objectives obtained by its use, reference should be had to the drawings which
form a further part hereof and to the accompanying descriptive matter, in which

there is illustrated and described a preferred embodiment to the invention.

Detailed Description of the Preferred Embodiment

The present invention provides for a portable, auto-polarity battery booster
apparatus. The portable apparatus in accordance with the present invention includes
a power storage device which is capable of providing power to an electrical system
such as a battery. The portable apparatus can also be used in many other power
supply applications or battery charging applications. For example, it can be used to
jump start a vehicle with a dead battery. The apparatus can also be recharged by an
outside power source. Further, the portable apparatus ensures a proper polarity
connection between the power storage device of the apparatus and the electrical
system.

In the following description of the exemplary embodiment, reference is made
to the accompanying drawings which form a part hereof, and in which is shown by
way of illustration the specific embodiment in which the invention may be practiced.
It is to be understood that other embodiments may be utilized when structural and
other changes may be made without departing from the scope of the present
invention.

Tuming now to Figures 1-4, there is illustrated front, back, top, and bottom
views of a preferred battery booster apparatus designated by the reference numeral
20. The apparatus 20 includes a housing 22 preferably made out of plastic.
Electrical cables 24,26 extend out of the housing 22 and are retained along outside
grooves 25,27 of the housing 22. Extra outside grooves 25°, 27’ can be arranged to
wrap long cables and/or for aesthetic purposes. One end of each cable 24,26 is
connected to a clamp 28,30 (best seen in Figure 6), respectively. Each of the cables
24,26 is connected to either the positive terminal or the negative terminal of a power

storage device, such as a battery 40 (best seen in Figure 5), in the housing 22.
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Accordingly, one of the clamps can be called positive clamp (marked as “+” in
Figures 3 and 4), and the other one can be called negative clamp (marked as “-* in
Figures 3 and 4). As it will be discussed later, since the apparatus 20 has an auto-
polarity switch 50 (best seen in Figures 5 and 6), it does not matter which clamp is
positive and which is negative when the clamps are in use.

The clamps 28,30 are preferably received and covered by holsters 32,34,
respectively, and are removably clamped to a bit within the holster. The holsters
28,30 help avoiding accidental electrical contacts between the clamps and adjacent
items. A cigarette lighter receptacle member 36 can also be included in the
apparatus 20 to provide power to electrical systems such as cell-phones, lighting,
etc. A charge status display 38 can also be included in the apparatus 20 to display
the level of charge remaining in the power storage device, such as the battery 40
(best seen in Figure 5), in the housing 22. The display 38 can be arranged and
configured preferably in a plurality of LED lights to show a series of charge status.
It will be appreciated that other suitable display means can be used to indicate the
charge status within the scope of the invention. Further, a handle 42 can be molded
into the housing 22 to allow easy carrying of the apparatus 20 to the vicinity of the
dead battery. It will be appreciated that other types of handles can be used within
the principles of the invention. For example, an extra handle piece can be attached
to the housing, etc.

Figure 5 shows the internal details of the housing 22 (opened from the back
side by removing the mounting screws 21). The battery 40 has a positive terminal
44 and a negative terminal 46. An elecwrical cable 48 is connected to the positive
terminal 44 at one end of the cable 48. The other end of the cable 48 is connected to
the auto-polarity switch 50. An electrical cable 52 is connected to the negative
terminal 46 at one end of the cable 52. The other end of the cable 52 is connected to
the switch 50. Also, it can be seen that the cable 24 extends from outside of the
housing 22 to inside of the housing and is retained in the grooves of the housing.
The other end of the cable 24 connects to the switch 50. Similarly, the cable 26
extends from outside of the housing 22 to inside of the housing and is retained in the
grooves of the housing. The other end of the cable 26 connects to the switch 50.

The details of the cigarette lighter receptacle member 38 and the display 38 are

8
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preferably shown in Figure 5. It will be appreciated that other suitable arrangements
of the cigarette lighter receptacle member 36 and the display 38 can be used without
departing from the principles of the invention.

Figure 6 illustrates a schematic, functional view of the battery booster
apparatus 20. The apparatus 20 has the auto-polarity switch 50 interfacing with the
battery 40. The switch 50 preferably includes a coil assembly 51 and a switching
assembly 53. The coil assembly 51 has three coils 60, 62, 64 wound around three
core members 54, 56, 58, wherein the central core member 56 is a plunger,
respectively. The three coils 60, 62 64, the outside cores 54, 58 and the central core
(plunger) 56 are disposed along a longitudinal axis 66. The plunger 56 is placed
between the outside cores 54, 58. The coil windings and three core assembly makes
up two solenoids, a center solenoid 63 comprised of core member 56 and windings
62 wound around the central core member 56 and an outside solenoid 65, 67,
comprised of outside core members 54 and 58 and windings 60 and 64 would around
the outside core members 54, 56. The outside coil windings 60 and 64 of the outside
solenoid are each wound with an equivalent number of turns. The center coil
windings 62 of the central solenoid are wound with two times as many turns as
either of outside coil windings 60, 64. Further, the windings of the first outside coil
member 60 are opposite to the windings of the second outside coil member 64. The
windings of the central coil 62 can be in the same direction as the windings of the
first outside coil member 60 or in the same as the winding of the second outside coil
member 64.

Accordingly, when the internal battery energizes the center coil windings 62,
an electrical current flows through the center coil windings 62 (i.e. an ON/OFF
switch 68 is closed) and the plunger 56 which is preferably comprised of a ferrous
metal becomes magnetized. When there is no current flowing through the external
coil windings 60 and 64 and the battery has energized the center coil windings 62,
plunger 56 and switch contacts are held at aneutral position. Thisis because the
center coil windings 62 is centered over the plunger 56 and there is no magnetic
force being applied to the plunger 56 by either member of the outside solenoid 65,
67. Outside coil windings 60 and 64 are connected in series and wound in opposite

directions. The ends of outside coil windings 60 and 64 that are not connected in
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series are electrically connected to cables 24 and 26 and clamps 28 and 30. When
the external clamps 28 and 30 are connected to the power source to be charged,
current flows through the outside coil windings 60 and 64, causing outside core
members 54 and 58 to be magnetized. The magnetization of outside core members
54 and 58 creates a force pulling or pushing central core member 56, depending on
the polarity connection of clamps 28 and 30 to the power source to be charged, and
the direction of the tumns in coil windings 60, 62 and 64. When the outside coil
windings 60 and 64 and the central coil winding 64 are all energized, current flowing
through the outside coil windings 64 can either flow in the same direction as the
current through the central coil windings 62 or in the opposite direction and current
flowing through the outside coil windings 60 can either flow in the same direction as
the current through central coil windings 62 or in the opposite direction. When
current is flowing through the central coil windings 62 in a clockwise direction and
through the outside coil windings 64 in a clockwise direction, it is flowing through
outside coil windings 60 in a counter clockwise direction. Or, when current is
flowing through central coil windings 62 in a clockwise direction and through the
outside coil windings 64 in a counter clockwise direction, it is flowing through the
outside coil windings 60 in a clockwise direction. The direction of current flowing
through outside coil windings 60 and 64 depends on the polarity connection of
clamps 28 and 30 to the power source to be charged.

Assuming that current is flowing through central coil windings 62 in a
clockwise direction and through the outside coil windings 64 in a clockwise
direction, it is flowing through outside coil windings 60 in a counter clockwise
direction. Accordingly, the magnetic field in core 54 is opposite the magnetic field
within central core 56. The opposing magnetic forces causes the magnetic field in
core 54 to negate half the magnetic force in the central core 56. The magnetic field
generated by core 58 is in the same direction as that within central core 56 and adds
its magnetic energy to core 54, causing full coil strength to be centered in the
direction of core 58. This causes the central core 56 to be pulled in the direction of
outside core 58.

When the central core 56 is pulled in the direction of outside core 58, the two

cores 56 and 58 are very close but do not touch. This is because if either the outside
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coils 60 and 64 or central coil 62 are no longer energized, by way of removing
clamps 28 and 30 from the power source to be charged or opening switch 68, the air
space provides the central core 56 with the positioning necessary to return back to its
neutral position. The same would also be true when the central core 56 is pulled in
the direction of core 54. The two cores 54 and 56 are very close, but do not touch.
The air space between the two cores 54 and 56 provides the central core 56 with the
positioning necessary to return back to its neutral position. |

A switch rod 74 is mounted on one end of the plunger 56 (best seen in Figure
9). The plunger 56 is held between the two cores 60,64 by two springs 70,72. The
springs 70,72 are shown schematically in Figure 6. In one preferred embodiment,
the springs 70,72 are attached to the switch rod 74, and the switch rod 74 is disposed
proximate the center of the switch assembly 53. In this case, since the pulling forces
are equal, the springs keep the plunger centered, i.e. the switch 50 is in a neutral,
non-contacting position. To preserve the charges stored in the battery 40, the
ON/OFF switch 68 is normally open.

Figures 7-11 illustrate details of the switch assembly 53. The coils 60, 62, 64
are wound around outside core members 54 and 58 and central core member 56.
The coils 60 and 62 are separated by a divider 78. An insulating member 80 is
mounted on the divider 78 to help insulate the magnetic fields generated by each of
the coils 60, 62. Similarly, the coils 62 and 64 are separated by a divider 82. An
insulating member 84 is mounted on the divider 82 to help insulate the magnetic
fields generated by each of the coils 62, 64.

As shown in Figures 7 and 11, the switch rod 74 is mounted in the plunger
56 at one end, extends through a center bore 86 of the core 58, is mounted on a
bottom switch plate 88 which links a pair of bottom switch contacts 90,92, is
attached to the two springs 70,72 (only spring 72 is shown in Figure 9), and is
mounted on a top switch plate 94 which links a pair of top switch contacts 96,98.
The coils, the plunger, and the cores are preferably disposed in an enclosure 100
with a cover 102. The bottom switch plate 88, the bottom switch contacts 90,92, the
springs 70,72, the top switch plate 94, and the top switch contacts 96,98 are retained
in an enclosure 104. The enclosure 104 has a pair of top slots 106,108 and a pair of

bottom slots (not shown). A pair of top bus bars or terminals 110,112 are inserted in
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the top slots 106,108 and retained by the enclosure 104. A pair of bottom bus bars
or terminals 114,116 are inserted in the bottom slots and retained by the enclosure
104.

In one embodiment, the terminal 110 is electrically connected to the positive
terminal of the internal power storage device or the battery 40 via the cable 48 as
shown in Figure 5. The terminal 116 is electrically connected to the negative
terminal of the internal power storage device or the battery 40 via the cable 52 as
shown in Figure 5. The terminals 112 and 114 are electrically connected to the
terminals of the external power source, e.g. a dead battery, via the cable 24 and the
cable 26 and via the clamps 28,30, respectively. It is generally required that a proper
polarity be established between the external power source and the internal power
source, i.e. the positive terminals are electrically connected to each other, and the
negative terminals are electrically connected to each other. In the present invention,
the switch 50 connects the terminals with proper polarity in an automatic fashion.
First, it is assumed that the positive terminal of the external power source is
connected to the bus bar or terminal 112 and the negative terminal of the external
power source is connected to the bus bar or terminal 114. When the ON/OFF switch
68 is closed, the plunger 62 is attracted toward the core 64 and repelled from the
core 60. This action translates the movement of the switch rod 74 toward the
enclosure 104. Accordingly, the spring 70 is compressed (not shown), and the
spring 72 is expanded. Thus, the bottom contact 90 is connected between the top
bus bar 110 and the top bus bar 112, i.e. the positive terminals of the internal and
external power source devices are electrically connected. Meanwhile, the bottom
contact 92 is connected between the bottom bus bar 114 and the bottom bus bar 116,
i.e. the negative terminals of the internal and external power source devices are
electrically connected.

Similarly, if the negative terminal of the external power source is connected
to the bus bar or terminal 112 and the positive terminal of the external power source
is connected to the bus bar or terminal 114, when the ON/OFF switch 68 is closed,
the plunger 62 is attracted toward the core 60 and repelled from the core 64. This
action translates the movement of the switch rod 74 toward the enclosure 100.

Accordingly, the spring 70 is expanded (not shown), and the spring 72 is
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compressed. Thus, the top contact 96 is connected between the top bus bar 110 and
the bottom bus bar 114, i.e. still the positive terminals of the internal and external
power source devices are electrically connected. Meanwhile, the top contact 98 is
connected between the top bus bar 112 and the bottom bus bar 116, i.e. still the
negative terminals of the internal and external power source devices are electrically
connected.

It will be appreciated that the arrangement of the bottom switch contacts
90,92, the top switch contacts 96,98, the top bus bars 110,112, and the bottom bus
bars 114,116 can be varied within the scope and spirit of the invention. It will also
be appreciated that connection arrangement of the positive and negative terminals of
the internal power storage source or battery 40 can be varied within the scope and
spirit of the invention. For example, the positive terminal of the internal battery 40
can be connected to the top bus bar 112, and the negative terminal of the internal
battery 40 can be connected to the bottom bar 114, etc. It will be appreciated by a
person skilled in the art that the connection arrangement can be varied as long as the
positive and negative terminals of the internal power source are disposed in a
diagonal position.

Therefore, even if a user applies the clamps to the wrong terminal
connections, i.e. negative to positive or positive to negative between the external and
the internal power sources, the switch 50 automatically switches to a proper polarity.

Further, as shown in Figures 7-11, the switch 50 is arranged and configured
in such a manner that the switch 50 is able to fit in the housing 22. The housing 22
provides inside grooves to retain the switch 50 as well as many other components,
such as cables, cigarette lighter wires, and the display wires, etc.

It will be appreciated that other types of suitable switches can be used
without departing from the present invention. The examples of the other types of
switches, but not limited to these examples, are solid-state switches, other electro-
mechanical switching devices. It will be also appreciated that other conventional
polarity detection/protection devices, or automatic polarity sensing battery charger
devices can be used without departing from the present invention.

While a particular embodiment of the invention has been described with

respect to its application for providing power to a battery, such as jump starting a
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vehicle, etc., it will be understood by those of skill in the art that the invention is not
limited by such application or embodiment for the particular components disclosed
and described herein. It will be appreciated by those skilled in the art that other
circuit configurations that embody the principles of this invention and other
applications therefor can be configured within the spirit and intent of this invention.
The circuit configuration described herein is provided as only one example of an
embodiment that incorporates and practices the principles of this invention. Other .
modifications and alterations are well within the knowledge of those skilled in the

art and are to be included within the broad scope of the appended claims.
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1. A portable battery booster apparatus for bgosting an electrical system with a

first terminal and a second terminal, comprising:

a)
b)

c)

d)

2)

h)

i)

a battery having a first terminal and a second terminal;

a housing enclosing the battery and the first and second terminals of
the battery;

a switch having a first pair of contacts and a second pair of contacts,
the switch being enclosed in the housing;

a first cable with a first end connected to the first terminal of the
battery and a second end selectively connected to a first contact of the
first pair of contacts of the switch, the first cable being enclosed in
the housing;

a second cable with a first end connected to the second terminal of the
battery and a second end selectivley connected to a second contact of
the first pair of contacts of the switch, the second cable being
enclosed in the housing;

a third cable with a first end connected to a first contact of the second
pair of contacts of the switch, the first end of the third cable being
partially enclosed in the housing;

a fourth cable with a first end connected to a second contact of the
second pair of contacts of the switch, the first end of the fourth cable
being partially enclosed in the housing;

a first clamp connecting to a second end of the third cable, the first
clamp being detachably mounted onto a first side of outside of the
housing;

a second clamp connecting to a second end of the fourth cable, the
second clamp being detachably mounted onto a second side of the
outside of the housing; and

wherein when the electrical system is boosted by the battery booster
apparatus, the first clamp and the second clamp connect to the first

terminal and the second terminal of the electrical system,
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respectively, such that the first and second terminals of the battery are
electrically connected to the first and second terminals of the
electrical system, the switch switches connections between the first
pair of contacts and the second pair of the contacts to ensure that the
first terminal of the battery and the first terminal of the elecirical
system have the same polarity, and the second terminal of the battery
and the second terminal of the elecwrical system have the same -

polarity.

2. The apparatus of claim 1, further comprising an ON/OFF switch connected
between the battery and the switch, wherein when the ON/OFF switch is off, the
switch is in a neutral, non-contacting position, the first pair of contacts are not
electrically communicated with the second pair of contacts, when the ON/OFF

switch is on, the electrical system is boosted by the battery.
3. The apparatus of claim 1, wherein the electrical system is another battery.

4, The apparatus of claim 1, wherein the switch comprises:
a coil assembly having a longitudinal axis, the coil assembly including:
a first coil, disposed around outside of the coil assembly, winding
around a first core which is disposed inside of the coil assembly;
a second coil, disposed around outside of the coil assembly, winding
around a second core which is disposed inside the coil assembly; and
a third coil, disposed around outside of the coil assembly and between
the first coil and the second coil, winding around a plunger, the plunger being
movable along the longitudinal axis between the first and second cores;
wherein the plunger is moved to a first contacting position when the first
terminals of the battery and the electrical system have the same polarity and the
second terminals of the battery and the electrical system have the same polarity, the
plunger is moved to a second contacting position when the first terminals of the
battery and the electrical system have the opposite polarity and the second terminals

of the battery and the electrical system have the opposite polarity.
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5. The apparatus of claim 4, wherein the switch is arranged and configured by a
double pole double throw switch.
6. The apparatus of claim 4, further comprising an ON/OFF switch connected

between the battery and the switch, wherein when the ON/OFF switch is off, the
switch is in a neutral, non-contacting position, the first pair of contacts are not
electrically communicated with the second pair of contacts, when the ON/OFF
switch is on, the electrical system is boosted by the battery, the ON/OFF switch is

operated outside of the housing.

7. The apparatus of claim 6, wherein the switch is arranged and configured by a

double pole double throw switch.

8. The apparatus of claim 7, wherein the first pair of contacts are arranged and
configured to be a pair of bottom switch contacts and a pair of top switch contacts,
wherein when the plunger is in the first contacting position, the bottom switch
contacts are connected to the second pair of contacts, and when the plunger is in the

second contacting position, the top switch contacts are connected to the second pair

of contacts.

9. The apparatus of claim 1, further comprising switch retention grooves for

retaining the switch in one side of the housing.

10. The apparatus of claim 9, further comprising cable retention grooves for

retaining the first, second, third, and fourth cables to the housing.

11. The apparatus of claim 10, further comprising battery retention grooves for

retaining the battery to the housing.

12. The apparatus of claim 1, further comprising a first holster for receiving and

covering the first clamp and a second holster for receiving and covering the second
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clamp, wherein the first and second holsters are attached to the outside of the

housing.

13. The apparatus of claim 12, wherein the first and second holsters are

pivotably connected to the housing.

14. The apparatus of claim 4, wherein the coil assembly has a bobbin shape witﬁ

two dividers for separating the first, second, and third coils from each other.

15. The apparatus of claim 14, further comprising an enclosure for enclosing the
coil assembly, wherein the plunger extends from the enclosure and connects to a

double pole double throw switch.

16. The apparatus of claim 1, further comprising a display for displaying a level

of charge remaining in the battery.

17. The apparatus of claim 1, further comprising a cigarette lighter receptacle
member disposed on the housing and electrically connected to the battery, the
receptacle member providing power to an electrical system which equips with a

cigarette lighter plug.

18. The apparatus of claim 1, further comprising a cigarette lighter plug member
extending from the housing and electrically connected to the battery, the plug
member being connectable to a power source outside the housing to recharge the

battery inside the housing.

19. The apparatus of claim 1, further comprising a handle for carrying the battery

booster apparatus, wherein the housing and the handle form a portable box unit.

20. A portable, auto-polarity battery booster apparatus for boosting an electrical

system with a positive terminal and a negative terminal, comprising:
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a) a power storage device having a positive terminal and a negative
terminal;
b) a housing enclosing the power storage device and the positive and
negative terminals of the power storage device;
c) an auto-polarity switch enclosed in the housing for connecting

between the power storage device and the electrical system,;

d) a first cable with one end connected to the positive terminal of the
power storage device and another end selectively connected to the
switch, the first cable being enclosed in the housing;

e) a second cable with one end connected to the negative terminal of the
power storage device and another end selectively connected to the

switch, the second cable being enclosed in the housing;

f) a third cable with one end connected to the switch;
g) a fourth cable with one end connected to the switch;
h) a first clamp connecting to another end of the third cable and

disposed outside of the housing;
i) a second clamp connecting to another end of the fourth cable and
disposed outside of the housing; and
) wherein when the positive and negative terminals of the electrical
system are electrically connected to the first and second clamps, respectively, the
switch switches to a first contacting position to ensure the positive terminal of the
battery is electrically connected to the positive terminal of the electrical system, and
the negative terminal of the battery is electrically connected to the negative terminal

of the electrical system.

21. A portable, auto-polarity battery booster apparatus for boosting an electrical
system with a positive terminal and a negative terminal, comprising:

a) a housing;

b) a battery, the battery having charges to provide power to the electrical
system, the battery having a positive terminal and a negative terminal, the battery

being enclosed in the housing;
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c) a plurality of connecting members, the connecting members
electrically connecting between the terminals of the battery and the terminals of the
electrical system, the plurality of connecting mem})ers being enclosed in the
housing, two of the plurality of connecting members being partially extended from
the housing; and

d) a switch, the switch being arranged and configured to electrically
connect between the battery and the electrical system, the switch being enclosed in -
the housing, the switch automatically switching between a first connecting position
and a second connecting position to ensure that the positive terminal of the electrical
system is electrically connected to the positive terminal of the battery and that the
negative terminal of the electrical system is electrically connected to the negative

terminal of the battery.
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(57) Abstract: Present invention relates to a device (1)
for charging of rechargeable batteries, comprising a house
(2) with a transformer, cable (3) with a plug (4) for mains
input, cables (5, 6) for supplying electric power to the
battery, clamping devices (7, 8) for connection to the
poles of a battery, switch (11) for activation and deactiva-
tion of the charging device (1) and at least one visual in-
dicator (12) to give the user an indication of the charging
progress, said house (2) has such a design that the cables
(3,5,6) and the plug (4) are completely or partially situat-
ed in the house (2), and the clamping devices (7, 8) are at-
tached to holding means (9, 10) which protrude from the
house (2), said holding means (9, 10) comprise two pro-
truding elements, said cables (5, 6) for are winded around
the circumference of the house (2) between each of the
protruding elements of respective holding means.
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DEVICE FOR CHARGING OF RECHARGEABLE BATTERIES

The present invention relates to a charging device for charging of lead batteries
and other rechargeable battery types. The invention relates in particular to so
called “domestic chargers” which can be used especially for the charging of

lead batteries for vehicles.

Many different types of devices for charging of lead batteries and other batteries
are known. What is common for many of these chargers is that the charging
device is fitted with a long row of buttons/switches, where the user is faced with
a number of choices that must be made to start the charging process.
Furthermore, a well known problem with many chargers is that sparks are
generated when making the connection to the battery. Another problem is that
the cable ends, both for connection to the battery and to the mains, are not
easily handled in a simple and sensible way when the product shall be tidied

away and be stored after use.

Therefore, the inventor has provided a charging device where focus is given to
the user and to the ease of operation. The charging device is characterised in
that a simple, clean and functional design which takes into consideration that
the connection cables are coiled and fastened to the product housing. The
coiling and fastening steps are integrated in a new and innovative way. The
user only needs to uncoil the cables and then to connect the crocodile clamps
to the battery and make the connection to the mains. Thereafter the charging is
initiated by pushing the on/off button. This will be regarded as very safe as the
user is not exposed to unnecessary sparks and the like in the connection
process. The charger will itself detect and adjust the charging process
according to the size of the battery and the surrounding temperature. During
charging and after completion of the charging the indicator on the charger will,
at any time, give the status of the charging. The charging will finish on its own or

in that the user presses stop to terminate.

SUBSTITUTE SHEET (RULE 26)
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For this purpose a software program is developed that is adapted to a charging
process for batteries of any size and condition. In addition, attention is given to
a simple, clear and, not least, user-friendly interface with the help of the on/off

button of the unit and the display.

The form of the charging device and the mechanical design of its components
are very demanding as both the mains cable and the battery cables are easily
coiled round after use and fastened to the product so that these are firmly
secured during storage. Both the clamps and the mains plug are fastened to the

housing. These considerations mean that special adaptations are made on the

. electronic components and the edb board.

It has also been an assumption that in the design a compact unit is made with
corresponding layout and choice of components so that the unit is as small as
possible. This means that the heat loss through the housing of the product has
been a critical parameter. The collaboration between electronics and mechanics
is carried out in such a way that it does not lead to overheating of the electronic

parts.

In addition, some extra equipment for connecting has been developed. For this
purpose a watertight plug that can be taken out and inserted again is formed on
the battery cable. This gives the possibility of connection of the additional
equipment that, among other things, comprises cables with eyelet terminals and
a plug to the battery charger. This means that the user can fit a series of
permanent cables, with a corresponding plug on the batteries, to a part of the
motorised equipment that requires regular charging. The charger can then be
easily transported from location to location to carry out the charging job. A
small, removable battery indicator is also developed that can be connected to
this equipment to indicate whether a battery needs charging or not.

These, and other aims and advantages are achieved with a charging device for

charging of lead batteries and other rechargeable battery types, encompassing
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a housing with a transformer, cable with a plug for connection to the mains,
cables for supply of electric power to the battery, clamping means for
connection to the poles of a battery, a switch for the activation and deactivation
of the charging device and at least one visual indicator to give the user an
indication of the charging progress, characterised in that the housing has a
shape so that the cables and the plug are completely, or partly, lying in the
housing and the clamping devices are fastened to the holding means that
protrudes from the housing, when the device is not in use, as each holding
means comprises two protruding elements, that the cables for the connection of
the battery are coiled around the circumference of the housing between each of

the protruding elements of the respective holding means.

The cable for connection to the mains is preferably coiled around the periphery
of the housing and the plug is preferably placed in a recess in the housing when

the device is not in use.

The paths of the coiling of the cable with the plug and the cables for connection
to the battery are preferably, in the main, in parallel and axially displaced in

relation to each other.

Furthermore, the device preferably comprises an electronic unit that
measures/senses which type of battery that is to be charged, the surrounding

temperature and the battery capacity.

The electronic unit preferably controls the charging voltage and the charging

process as a function of the measured parameters.

The device comprises an indicator that gives the user a visual indication of the

charging process.

The charging device is preferably adapted to charging open and closed lead
batteries, AMG batteries and gel batteries with a capacity of 4-225 Ah.
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The indicator preferably comprises at least one LED.

The invention will now be explained in more detail with the help of an

embodiment example with reference to the enclosed figures, where:

Figs. 1-3 show a charging device according to the present

invention, seen in perspective from different directions.

Fig. 4 shows an example of a typical course of charging at a charge

current of 4 A.

An embodiment of the charging unit according to the present invention is shown
in the figures 1-3.

The charging unit, referred to as 1, comprises a housing 2, connected to said
housing 2 is a mains cable 3 with a plug 4 for connection to a mains socket, and
two cables 5, 6, for connection to respective battery poles. The cables 5, 6 are
connected to their own clamping device 7, 8. The clamping devices 7, 8 are
shaped so that they can engage with respective poles on a battery.
Furthermore, the clamping devices 7, 8 are formed so that they can be fastened
to respective holding means 9, 10 on the housing 2 when the charging unit 1 is
not in use. Each holding means 9, 10 comprises two protruding elements, to
which elements respective clamping devices can be fastened when the device
is not in use. The cable 3 for connection to the mains is coiled around the
periphery of the housing 2 and the plug 4 is placed in a recess in the housing 2
when the device is not in use. The coil paths of the cable 3 for connection to the
mains and the cables 5, 6 for connection to the battery are, in the main, in

parallel and axially displaced with respect to each other.

This means that the device will be very compact and all cables will be kept in

place when the device is not in use, so that it is simple to store the device and it
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will be very simple to remove the cables and the clamping devices when the

charging unit is to be used.

Furthermore, a switch 11 is arranged on the housing 2 with which the charging
unit can be activated. Furthermore, the charging unit 2 is fitted with an indicator

12 that shows the operating state of the charging device.

Furthermore, an electronic unit (not shown) is placed in the housing 2 that
measures/senses the type of battery which is to be charged, controls the

charging process and switches off the device after the charging is completed.

The electronic unit will automatically detect the size of the battery (battery
capacity) and find a suitable charge voltage. Furthermore, the surrounding
temperature will be detected and the electronic unit will compensate the charge

voltage accordingly.

The charging device can be used for batteries with a capacity of 4 — 225 Ah
and battery types that can be charged with the help of the device are open and

closed lead batteries, so called AGM batteries and gel batteries.
The charging device according to the invention functions as follows:

The charger is connected to the battery that is to be charged with the help of the
clamping devices 8, 9 and the plug 4 is placed in a wall socket or the like, which
supplies a voltage of 230V. The charging commences when the switch 11 is
activated. The charging device can also be used as a current supply for a

limited period, and this time period is determined by the electronic unit.

Example
A typical course of charging at 4 A is shown in fig. 4.
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The X-axis gives the different steps described below, while the Y-axis gives the

current in A.

4 amp

Charging step

1) Analyse the

state

Measure the voltage at I1=0
1 second

5 sec.

Batt. Stat. ind. Time

2) Soft start
Find battery size
(Ah capacity)

Start charging at constant current 1, 2, 4 A measure voltage

Increase current if AV < 0.2V

15 sec on (always wait 15 sec to the next current level) 15

sec off x3

If AV >= 0.2V charge directly with existing current 1-2-4 A

3) Main charging

Start main charging at correct current level according to

battery size.

Max time 4 amp 12 h
2amp 8h
1amp2h

4) Top charging

Constant. Voltage 14.4 V until I<1A
Max time 4amp 6 h

2amp 4 h

1amp 3h
5) Maintenance 13.8V min at 4 h max 24 h from step 1
charging
6) Analyse Turn off charging measure voltage

7) Rest mode

Rest until next week
If Vbat < 12.7 V go to step 8

8) Waking

Waking, start new charge cycle

In this embodiment example the indicator comprises five LED lamps and one

warning lamp. These will give the user the following indications:
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Step O Check output charge line
1% the crocodile
2" the 12 V plug

Step 1 Analyse
Start timer counter
Measure battery voltage
Indicate battery status green light

>12.65V all five segments light up
1255V -12.65V four segments light up
12.45V -12.55V three segments light up
1235V -1245V two segments light up
35V -1235V one segment lights up

< 3.5 V Error mode Warning Triangle red light

Step 2 Soft Start
LED indication
1 amp: one LED blinking
2 amp: two LEDs blinking
4 amp: three LEDs blinking

Step 3 Main Charge
1%t, 2" 3" | EDs/charging indication

If battery not connected the warning light will light up.
If wrong polarity the warning light will light up.

Step 4 Top Charge
1%, 2" 39 4™ | EDs/charging indication

Step 5 Maintain charge

All five segments light Green (no blinking)
After 24 h Go to sleep I=0A Step 7

All segments pulsing from low to high intensity.
2 sec increase intensity
Turn off 1sec
and so on
Step 6 Analyse
1%t, 2" 3 4% 5™ | EDs/charging indication

Measure the voltage after 2 mins, 1=0A
If Vbat > 13.0 V after 2 mins OK Go to step 6

If Vbat < 13.0 V after 2 mins OK Go to Error RED warning
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Step 7

Step 8

147V

Sleep

No special indication

Wake up

Go to Step 1 for new charging cycle.

Button

Page 1424 of 2235

PCT/NO2011/000245

turns on (no blinking)
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Claims

1.

Charging device (1) for charging of lead batteries and other rechargeable
battery types, encompassing a housing (2) with a transformer, cable (3) with a
plug (4) for connecting to the mains, cables (5, 6) for supply of electric power to
a battery, clamping devices (7, 8) for connection to the poles of a battery, switch
(11) for the activation and deactivation of the charging device (1) and at least
one visual indicator (12) to give the user an indication of the charging progress,
characterised in thatthe housing (2) is of such design that the cables
(3, 5, 6) and the plug (4) are completely or partly lying inside the housing (2)
and the clamping devices (7, 8) are fastened to the holding means (9, 10) that
protrude from the housing when the device is not in use, as each holding means
(9, 10) encompasses two protruding elements, that the cables (5, 6) for
connection to the battery are coiled around the circumference of the housing (2)
between each of the protruding elements of the respective holding means (9,
10).

2.

Charging device according to claim 1,

characterised in thatthe cable (3) for connecting to the mains is coiled
around the periphery of the housing (2) and that the plug (4) is placed in a
recess in the housing (2) when the device is not in use.

3.

Charging device (1) according to any of the preceding claims,
characterised in thatthe path of the coiling of the cable (3) with the
plug (4) and the cables (5, 6) for connection to the battery are, in the main, in

parallel and axially displaced in relation to each other.

4.
Charging device (1) according to any of the preceding claims,
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characterised in thatthe device (1) further incorporates an electronic
unit that measures/senses which type of battery that is to be charged, the

surrounding temperature and the capacity of the battery.

5.
Charging device (1) according to claim 3,
characterised in thatthe electronic unit controls the charging voltage

and the charging process as a function of the measured parameters.

6.
Charging device (1) according to any of the preceding claims,
characterised in thatthe device (1) encompasses an indicator (12) that

gives the user a visual indication of the charging process.

7.

Charging device (1) according to any of the preceding claims,
characterised in thatitis adapted to charging of open and closed lead
batteries, AMG batteries and gel batteries with a capacity of 4-225 Ah.

8.
Charging device (1) according to any of the preceding claims,
characterised in thatthe indicator (12) comprises at least one LED.
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Abstract

A system for supplying electrical power to a vehicle comprises: - a network of electricity consuming units,
which is able to be powered in a range of voltages less than or equal to a maximum network voltage
(Vmax_network), - a first electrical accumulation battery connected to the network, and exhibiting a first
maximum voltage when unloaded (VOmax_Batt1) which is less than the maximum network voltage
(Vmax_network), - a second electrical accumulation battery connected to the network, exhibiting a second
maximum voltage when unloaded (VOmax_Batt2), which is greater than the maximum voltage when
unloaded of the first battery (VOmax_Batt1), and a minimum acceptable voltage when unloaded
(VOmini_Batt2) which is below the maximum network voltage (Vmax_network), - a drivable alternator

connected to the network, and able to deliver to the second battery an electrical energy under a setpoint
voltage drivable to various setpoint values (Valt_low, Valt_high). The system furthermore comprises an
electronic management facility, configured to impose at least two different setpoint voltages successively on
the alternator when the vehicle is running, namely a low alternator voltage (Valt_low) which is strictly greater
than the first maximum voltage when unloaded of the first battery (VOmax_Batt1), and a high alternator
voltage (Valt_high) which is strictly greater both than the minimum voltage when unloaded of the second
battery (VOmini_Batt2), and than the low alternator voltage (Valt_low).

Description

METHOD FOR RECHARGING A BATTERY TORQUE S OF A VEHICLE OF DIFFERENT NOMINAL
VOLTAGES AND ASSOCIATED SYSTEM The invention relates to power supply systems for motor vehicles
propelled by a thermal engine or with a hybrid electric - electric propulsion, and in particular to power supply
systems comprising several batteries of different types.

It may indeed be desirable to use different types of batteries in parallel in order to take advantage, for
example, of the good capacity of a lead-acid battery to supply energy for a cold start, and of the high specific
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energy as well as the the greatest endurance in terms of charging and discharging cycles of a lithium-ion
type battery.
The patent application US 201 1 00 1352 thus describes a system in which both types of batteries are
present, the no-load voltages and the internal resistances of the two batteries being chosen so that, for a
constant alternator voltage, this or preferably the lithium battery which discharges and recharges, the lead
battery thus undergoing a lower number of charging and discharging cycles.
The use of the lead battery is then preferentially reserved for the starting phases of the vehicle.
To achieve such a configuration, the maximum no - load voltage of the lithium battery must remain relatively
close to the maximum no - load voltage of the lead - acid battery. The maximum energy capacity of the
lithium battery is therefore limited.
Such a system makes it possible to increase the lifetime of the lead-acid battery, but makes it necessary to
limit the performance of the lithium batteries used. In addition, the constant voltage of the alternator must be
chosen high enough to allow simultaneous charging of the lead-acid battery and the lithium battery, which
induces overconsumption of fuel compared to a system with only a lead-acid battery. . --> The aim of the
invention is to propose a system for powering a vehicle comprising two batteries, this system not only
increasing the lifetime of the lead battery, but also reducing the average fuel consumption of the battery.
vehicle.
For this purpose, a system for supplying electrical energy to a vehicle comprises:
a dc network, of at least one electrical consumer element, able to be supplied in a voltage range less than
or equal to a maximum network voltage,
a first electric storage battery connected to the network, and having a first maximum voltage at no load less
than the maximum network voltage,
a second electric accumulator battery connected to the network, having a second maximum voltage
unladen, greater than the maximum no-load voltage of the first battery, and a minimum acceptable voltage
not exceeding the maximum mains voltage,
a controllable alternator connected to the network, and capable of delivering to the second battery an
electrical energy under a setpoint voltage that can be controlled at different setpoint values.
The system further comprises an electronic management unit, configured to impose on the alternator during
the rolling of the vehicle, successively at least two different setpoint voltages, namely a low alternator voltage
which is strictly greater than the first maximum voltage. empty of the first battery, and a high alternator
voltage which is strictly greater than both the minimum voltage of the second battery empty, and the
alternator low voltage. According to some embodiments, the alternator may be an alternator system
comprising an alternator associated with a DC / DC transformer (direct current / direct current, also called
"DC / DC converter"). The alternator can then be controllable itself in tension. According to another
embodiment, the setpoint voltage can be controllable by modifying only the setpoint of the DC / DC
transformer, the alternator being not controllable in voltage. In yet another embodiment, the --> The nominal
voltage can be controlled by modifying both the voltage delivered by the alternator and the setpoint of the
DC / DC transformer.
According to an improved embodiment, the system further comprises a DC / DC voltage transformer
adapted to lower the voltage delivered by the second battery to the network. The second fully charged
operating voltage of the second battery can then be greater than the maximum mains voltage.
Advantageously, the voltage transformer is bidirectional, and is able to supply the second battery at a
voltage greater than the maximum voltage of the network when the alternator delivers a current under the
high alternator voltage.
The first battery may be a lead-acid battery, and the second battery may be a lithium battery, particularly a
lithium-ion type battery. The second battery may also be a lead acid battery (conventional or reinforced lead
or VRLA according to the English "Valve Regulated Lead Acid Battery") with different characteristics of the
first battery.
The electronic management unit can be configured to open a switch of the second battery when the vehicle
is in a parking mode, that is to say engine stopped, and can be configured, if the voltage of the first battery
goes under a first threshold and simultaneously the voltage of the second battery is above a second
threshold, to close the switch for a predetermined period before performing the next start of the vehicle. This
predetermined period makes it possible to partially recharge the first battery.
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According to another aspect, in a management method of a motor vehicle equipped with a first battery and a
second battery for supplying electrical energy, the two batteries having maximum voltages with different
voids and being connected to the same alternator and to the same DC electrical network of the vehicle, it
imposes a low alternator voltage during the first rolling phases of the vehicle, and imposes a high alternator
voltage higher than the alternator low voltage during second vehicle taxiing phases such as regenerative
braking phases, less --> fuel consumers than the first phases. The first rolling phases correspond to rolling
phases out of deceleration. Advantageously, this method can be applied to a motor vehicle where the first
battery, the second battery and the alternator are connected in parallel.

Preferably, the high alternator voltage is imposed when the vehicle is in a recuperative deceleration phase,
and the low alternator voltage is imposed when the vehicle is in an acceleration phase of the engine.

It is possible to impose an alternator intermediate voltage that is strictly greater than the alternator low
voltage and less than or equal to the alternator high voltage, when a charge level of the second battery
becomes lower than a threshold load, and / or when a certain mo of vehicle running other than the
deceleration, is detected, and / or if the current delivered by the second battery to the network exceeds a
certain threshold. The level of the intermediate alternator voltage may be different in the different cases
mentioned.

For example, it is possible to supply the second battery with a DC / DC transformer by bringing the voltage
across the battery to a value between 15V and 17V during the vehicle's regenerative deceleration phases.
The system may include solar panels embedded on the vehicle, and connected to the network.

The system may also include an electrical outlet adapted for recharging the second battery on a network
outside the vehicle.

According to a preferred embodiment, the second battery may be a refurbished lithium battery that has
already been used to provide automotive propulsion energy. Typically the second lithium battery is
composed of two "worn" modules of a traction battery for an electric vehicle, that is to say whose state of
charge is between 70% and 80% of their initial capacity. The system according to the invention uses these
modules in a voltage range corresponding to a state of charge of between 5% and 30% of their initial
capacitance. To avoid unloading these modules below their state of use, a switch is --> placed between the
lithium battery and the rest of the system, this switch being open as soon as the state of charge of the
battery reaches a state of charge of 5% and is no longer recharged by the system according to the invention,
so typically in "parking" mode, that is to say when the vehicle engine is stopped.

The electronic management unit may for example be configured to impose a low alternator voltage which is
less than or equal to 1.05 times the maximum no-load voltage of the first battery, or even less than 1.035
times the maximum voltage at the first battery. empty of the first battery.

The alternator low voltage can for example be between 12, 8 and 13.5V, and the alternator high voltage can
be between 14 and 15V.

According to an advantageous embodiment, the second battery can be powered by a DC / DC transformer
by bringing the voltage across the battery to a value between 15V and 17V during the recuperative
deceleration phases of the vehicle.

Other objects, features and advantages of the invention will appear on reading the following description,
given solely by way of non-limiting example, and with reference to the appended drawings, in which:

FIG. 1 is a schematic representation of a feed system according to the invention,

FIG. 2 is a graph showing the relative levels of different voltages involved in the operation of the feed
system of FIG. 1,

FIG. 3 is an algorithm illustrating a possible management mode of the feed system of FIG. 1.

As illustrated in FIG. 1, a system 1 for powering a vehicle comprises an electrical network 2, an alternator 3,
a first battery 4, for example a lead-acid battery, a second battery 7, for example a battery lithium-ion battery,
and an electronic management unit 1 0. The second battery 7 is provided with a switch 1 1 for disconnecting
the network 2. The alternator 3 is able to convert from --> the mechanical energy taken from a shaft
connected to a heat engine (not shown) in electrical energy sent to the electrical network 2.

On the electrical network 2 are disposed electrical consumers 6, such as an air conditioning device, lighting
means and heating means. The alternator 3 is connected to the terminals of the first battery 4. The second
battery 7 is connected in parallel to the first battery 4. The electrical consumers 6 are connected in parallel to

the network 2. The network 2 comprises a ground connection 5 on the chassis of the vehicle. The network 2
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also supplies a starter capable of starting the engine of the vehicle to initiate the first combustion cycle.

According to the variants, the second battery 7 can be connected to a DC / DC transformer 8 connected in
series with the battery 7, so that the voltage across the second battery 7 can be higher than the maximum
voltage. network 2.

In the embodiments in which the second battery 7 is associated with a DC / DC transformer 8, energy
production means such as solar panels 9 can be connected to the terminals of the second battery 7, which
allows the maximum voltage delivered by these solar panels 9 to be higher than the maximum voltage of the
network 2. The electronic management unit is connected to the alternator 3, to which it is able to impose a
variable setpoint voltage and in particular, to which it is able to impose two distinct values of set values, a
first value denoted Valt low and a second value denoted Valt high higher than the first value.

The electronic management unit 1 0 is also connected to the switch 11, which may be of the mechanical-
electromagnetic type, or of the electronic type, for example in the form of a transistor. By opening the switch
1 1, the electronic management unit 10 can disconnect the second battery 7 from the network, and prevent
an inadvertent discharge of the second battery 7.

The first battery, especially if the first battery is a lead-acid battery, can be used preferentially at --> start of
the engine of the vehicle, to power a starter. The electronic management unit 1 0 disconnects the second
battery 7 (for example a lithium battery, and more precisely of the lithium-ion type) using the switch 1 1, as
soon as the vehicle is in "parking" mode. . In this way, the battery 7 is not discharged. The second battery 7
then remains disconnected from the network until the next start of the vehicle engine has been made.

Lead-acid batteries have excellent cold start capability, and so it is the first lead-acid battery 4 that is used
when the vehicle's heat engine is started.

Lithium batteries have a better endurance in terms of cycling, and it is therefore the second battery that is
used to supply the vehicle's on-board network while driving the vehicle. The voltage of the network, that is to
say the measurable voltage between the terminals of the first battery 4, is imposed by that of the three
elements, among the alternator 3, the first battery 4 and the second battery 7 possibly associated with a DC /
DC transformer, which has the highest voltage between its two terminals.

By "terminals" of each of the elements, we mean the two connection points of this element to the network 2.

In the case where the system includes a DC / DC transformer 8, connected as described in FIG. 1, the term
"voltage across the set [second battery 7, DC / DC transformer 8]" means the voltage between the two
points. connecting this set to the network 2.

When the alternator 3 does not rotate, for example at the time of starting the vehicle, and the second battery
7 is disconnected by means of the switch 1 1, it is the first battery 4 which imposes the voltage on the
network 2 .

When the vehicle is running and the alternator 3 is operating, it is decided to control the voltage setpoint of
the alternator 3 above the maximum empty voltage of the first battery 4. In this way, it is not the first battery 4
which supplies the electrical power of the circuit 2. Depending on whether the voltage of the alternator 3 is
higher or lower than the voltage of the second battery 7, this --> then will be either the alternator 3 or the
second battery 7, or both simultaneously, which will provide the electrical energy of the network 2.

In the context of the invention, a second battery 7 is chosen, the maximum empty voltage of which is
sufficiently greater than the maximum empty voltage of the first battery 4, so as to be able to alternatively
impose two modes of operation. In the first mode of operation, the alternator voltage is set to a low value
"Low_value", which is greater than the maximum open-circuit voltage of the first battery "VOmax battl", itself
lower than the maximum voltage tolerated by the network "Vmax network". The alternator voltage "low valt"
is lower than the maximum voltage unladen of the second battery 7 "VOmax_batt2". In a second mode of
operation, the alternator voltage is equal to a high voltage generator value "High Valt", which is higher than
the low alternator voltage, while remaining lower than the maximum voltage tolerated by the generator.
network.

In this way, when the alternator 3 is regulated to deliver the alternator low voltage, and the second battery 7
is sufficiently charged so that its voltage is greater than the low alternator voltage, it is the second battery 7.
2. When, in this mode of operation, the operating voltage of the second battery 7 drops to the level of the low
alternator voltage, part of the electrical power of the network 2 is supplied. by the second battery 7, and a
part of the electrical energy is supplied by the alternator 3.

When the electronic management unit 10 imposes the second mode of operation, where it is the alternator
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high voltage which is imposed, if the unladen voltage of the second battery is lower than the high alternator
voltage, it is is then the alternator which supplies the electrical energy to the network and which
simultaneously provides energy for recharging the second battery 7.

If no other means than the alternator 3 is provided to recharge the second battery 7, the second battery 7
can be recharged during the phases where it is the high alternator voltage is imposed, and can provide the
energy to the grid as long as its voltage remains higher than the alternator low voltage, --> the phases where
the electronic management unit 1 0 imposes the alternator low voltage.

It is preferable to impose a low alternator voltage just above the maximum empty voltage of the first battery,
so that during the phases when the low alternator voltage is imposed, the alternator takes as little as
possible of mechanical energy on the motor shaft driven by the heat engine. The alternator thus creates only
a limited fuel consumption, while ensuring that the first battery is constantly charged to its maximum level.

In the first mode of operation, as long as the second battery 7 is sufficiently charged (that is to say as long
as its voltage is greater than the low voltage of the alternator), it is the second battery 7 which supplies the
battery. electrical energy to the network 2.

The phases in which the high alternator voltage is imposed in order to recharge the second battery 7, are
preferably the low fuel cost running phases, for example the recuperative deceleration phases, ie to tell if the
vehicle is in a deceleration mode for using the engine brake, and to use some of the mechanical energy from
the motor shaft to rotate the alternator. For example, it suffices for the setpoint of the pedal of the vehicle to
correspond to a phase of engine deceleration.

Part of the kinetic energy of braking of the vehicle then serves to recharge the second battery 7. This energy
recovered during the braking phases then makes it possible to save fuel, by limiting the alternator voltage
imposed during the corresponding taxiing phases. in the first mode of operation.

FIG. 2 illustrates an example of relative positioning of the various voltage values mentioned previously in the
description of the power supply system 1. The different levels shown in FIG. 2 illustrate the minimum empty
voltage of the first battery 4, ie, V mini batt |, the maximum no-load voltage of the first battery 4, that is
VOmax batt I, the minimum open-circuit voltage V Omini_batt 2 of the second battery 7 , the maximum empty
voltage VOmax_batt2 of the second battery, the --> Low alternator voltage Valt low, the high alternator
voltage Valt high and the maximum voltage Vmax network that the network 2 is able to withstand without
being damaged.

Typically, if one operates with a lead-acid battery as the first battery 4, and with, as a second battery, a
lithium-ion type battery resulting from the recovery of lithium-ion batteries used to propel electric vehicles or
hybrid, the minimum vacuum voltage VOmini beat | of the first lead acid battery is of the order of 12 volts,
and is substantially the minimum voltage VOmini_batt2 vacuum of the second lithium battery, or is a little
lower.

The maximum voltage at no load VOmax beats the first lead acid battery is of the order of 12.8 vo Its, and
the low alternator voltage Valt low which is imposed to be just above this maximum voltage at vacuum is of
the order of 1 3, 2 volts.

The maximum unloaded voltage VOmax_batt2 of the second lithium battery may be of the order of 16.8
volts, and the high voltage of alternator Valt high of the order of 15 volts to remain below the value.
maximum accepted by the network Vmax network, which it is of the order of 1 6 volts.

It is conceivable to use other types of battery for the first and the second battery, and the maximum voltage
of the second battery is not necessarily greater than the maximum voltage of the network. The alternator low
voltage should preferably be greater than the maximum no-load voltage of the first battery. One could
possibly consider a mo de embodiment where the low alternator voltage would be very slightly less than the
maximum empty voltage of the first battery, but it would then unnecessarily impose charging and discharging
cycles to the first battery by reducing the lifetime of it.

The maximum voltage of the second battery must necessarily be higher than the maximum no-load voltage
of the first battery, so as to be able to define a low voltage value of alternator between these two values of
maximum voltage at no load of the two batteries.

The alternator high voltage may be equal to, or greater than, the maximum empty voltage of the second
battery, by --> example if the maximum voltage of the second battery is lower than the maximum voltage
tolerated by the network.

The minimum empty voltage of the second battery must be lower than the high voltage of the alternator in
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order to allow at least partial charging of the second battery 7 during the operating phases with the high
voltage of the alternator.

The second battery 7 can be recharged, in addition during the phases when the alternator rotates to its high
voltage value, by additional electrical generating means such as solar panels 9. In the case where the
maximum voltage at no load of the second battery is less than the maximum voltage tolerated by the
network, or in the case where the system comprises a DC / DC transformer adapted to lower the voltage
delivered by the second battery to a voltage lower than the maximum voltage to the lattice, may also
consider recharging the second battery 7 on a network outside the vehicle, for example on a parking area.
The maximum no-load voltage of the second battery 7, that is to say VOmax_batt2, may be lower or higher
than the maximum voltage accepted by the network 2. If the maximum empty voltage of the second battery
is greater than the voltage The maximum voltage accepted by the network Vmax network, according to a
first embodiment, operates the second battery 7 on only part of its operating range that is to say for example
between the low voltage of the alternator and the high voltage alternator.

According to a second variant of operation, it is possible to exploit the second battery 7 over a wider range,
for example between the low alternator voltage and the maximum empty voltage accepted by the second
battery 7, if for example the system is provided with a DC / DC transformer 8, adapted to lower the voltage
delivered by the second battery 7 so as to bring it to a value less than or equal to the maximum voltage
tolerated by the network.

In this case, one can for example consider charging the second battery 7 at its maximum voltage when
empty from a network outside the vehicle, when the vehicle is stopped. This reserve of energy is then used
during the driving of the vehicle in the --> supplemented by a partial recharge of the battery at a high
alternator voltage when the vehicle is recovering deceleration.

If the DC / DC transformer is bidirectional, it can even be envisaged to charge the second battery at its
maximum voltage unladen by raising the voltage at the terminals of the second battery 7 relative to the high
voltage of the alternator during the phases of recuperative deceleration. .

For safety, in order to avoid even a partial discharge of the first battery 4, the alternator low voltage is
chosen slightly higher than the maximum empty voltage of the first battery 4.

The minimum empty voltage of the second battery 7 is preferably lower than the low voltage of the
alternator so that, when the vehicle is in a running mode where the low alternator voltage is imposed by the
generator unit. electronic management 10, the energy supplied by the alternator automatically comes to
supplement the energy provided by the second battery 7 when the voltage thereof is decreasing. This
prevents the voltage of the second battery 7 can go down to the minimum voltage tolerated VOmini_batt2.
Alternative embodiments could be envisaged where the minimum empty voltage of the second battery
would be greater than the low voltage of the alternator, but it is necessary for such a variant that the
electronic management unit 10 impose a high voltage of the alternator before that the voltage of the second
battery 7 does not fall below its minimum value. In all cases, the minimum voltage of the second battery 7
must be lower than the high voltage of the alternator.

The alternator low voltage is preferably lower than the maximum no-load voltage of the second battery 7. It
is as close as possible, by a higher value, to the maximum empty voltage of the first battery, while keeping a
margin of The difference in order to be sure that the alternator regulated alternator low voltage remains
above this minimum value VOmax beats .

It is advantageous to use a second battery 7 whose maximum maximum voltage VOmax_batt2 is greater
than the voltage --> the maximum voltage Vmax of the network 2, which makes it possible, in order to
choose the values of the low alternator voltage and the high alternator voltage, to have the entire voltage
range between the maximum empty voltage of the first VOmax battery beats | and the maximum voltage
accepted by network Vmax_network.

In particular, this configuration is found when there is a network 2 of the vehicle whose maximum
acceptable voltage is of the order of 15 to 16 volts, and when a lead battery is used as the first battery 4,
whose maximum open-circuit voltage is about 12.8 volts, and a lithium-ion battery for the second battery 7,
for example a lithium-ion battery reconditioned following use for the propulsion of an electric vehicle. Such a
reconditioned battery has, for example, a maximum no-load voltage of the order of 16.8 volts and an
acceptable minimum voltage of not more than 12 volts.

In addition to switching to a high alternator voltage during the deceleration phases of the vehicle, additional
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strategies implemented in the electronic management unit 10 may be defined, in order to avoid an excessive
discharge of the second battery 7 in the case of figure where the phases of recuperative deceleration are not
sufficiently frequent and / or sufficiently prolonged.

One can then choose to impose an alternator voltage intermediate between the low alternator voltage and
the high alternator voltage, that is to say strictly greater than the low alternator voltage and less than or equal
to the alternator voltage. high alternator voltage. One or more intermediate voltages can thus be imposed
during certain driving phases that may suggest that the next decelerations are distant in time. These driving
phases may include highway-type driving modes. One or more intermediate voltages may also be imposed
for pre-programmed driving modes in the electronic management unit because the operating point of the
engine, for these driving modes, corresponds to a lower fuel consumption than for others. driving modes. -->
The switching to an alternator alternating voltage can also be conditioned by the simultaneous detection of a
given driving mode, and a state of charge lower than or equal to a threshold charge state of the second

battery 7.

FIG. 3 illustrates an algorithm 1 that can be impregnated in the electronic management unit 10 of a power
supply system according to the invention. At an initial time 2 1, corresponding for example to the
commissioning of the vehicle or its return to service after a change of batteries, the electronic management
unit 10 tests, in a step 22, if the vehicle is in mode car park.

If this is the case, the electronic management unit 10 disconnects, if it is already done, the second battery 7
of the network 2 with the switch 1 1, in a step 23.

It then tests in a step 24, if the voltage across the second battery 7 has fallen below a voltage Vmin which
may, for example, be equal to the minimum voltage VOmini_batt2 vacuum of the second battery, or be a
slightly higher value than this minimum vacuum voltage.

If the measured voltage is lower than the threshold voltage Vmin, the electronic management unit 10
displays an alert message warning the driver that he must change the second battery 7, to a step 25. If the
voltage is higher than the threshold voltage Vmin, the electronic management unit returns to step 22.

When the test 22 indicates that the vehicle is no longer in the parking configuration, the electronic
management unit 10 tests in a step 26 the health of the second battery 7. This health test may for example
consist of checking whether the number cycles of charges and discharges already suffered by the second
battery 7 is less than a threshold number Nmax of charges and discharges, if the different cells of the battery
are sufficiently balanced, and if the voltage at the terminals of the battery is greater than or equal to the
threshold voltage Vmin.

If the answer is negative, the electronic management unit 1 0 displays the warning message corresponding
to step 25. If the result of the test 26 is positive, the electronic management unit carries out a test 27 to know
if the The vehicle's engine is active. If this --> is not the case, the electronic management unit 10 sets up a
strategy 28 for feeding the network 2 either from the first battery, or from the second battery, or from the two
batteries together , then return to step 22.

When the test 27 indicates that the engine of the vehicle is active, the electronic management unit tests at a
step 29 if the vehicle is in a mode of recuperative deceleration, that is to say if the vehicle is in a mode
deceleration device for using the engine brake, drawing a portion of the mechanical energy from the motor
shaft to rotate the alternator. For example, it suffices for the setpoint to the pedal of the vehicle corresponds
to a phase of engine deceleration.

If the vehicle is in a recuperative deceleration mode, the electronic management unit 10 imposes on the
alternator a high alternator voltage, for example 15 volts, in a step 31, and continues to loop on the test 29
and then on the piloting at the alternator high voltage 31, as long as the vehicle is decelerating.

If the vehicle is not in regenerative deceleration at the exit of the test step 29, the electronic management
unit 10 forces the alternator 3 to operate at the alternator low voltage, for example at 13 volts, at a step 30.

Following step 30, the electronic management unit 10 tests whether the vehicle and the second battery 7
are in a "forced load" configuration. Such a forced load configuration may for example correspond to the
case where the voltage across the second battery 7 drops below a threshold value Vi and where

simultaneously a time counter A(, which counts the time elapsed since the last deceleration, goes over a
threshold At.Math..

In this case, it can be considered that the voltage of the second battery begins to become insufficient, and
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that the driving mode detected is not a driving mode punctuated by sufficiently frequent decelerations.

If this test 32 reveals that it is in the forced-running configuration, the electronic management unit 10
imposes, at a step 33, a regulation of the alternator 3 at a voltage Valt Mid, for example equal to 14, 5 volts,
and continues to impose this mode of --> charge as long as the charge level of the battery tested at a step
34 has not reached a satisfactory minimum level SOC .sub.m i .sub.n .

This minimum charge level can for example be detected by a decrease of the charging current entering the
second battery 7.

When the test of step 34 indicates that the recharge level of the second battery is sufficient, the electronic
management unit 10 tests at a step 35 the health of the second battery 7, for example by checking that the
temperature of the battery The battery does not exceed a maximum temperature T .sub.max , verifying that
the balancing level between the different cells is sufficient, or that this level still makes it possible to
rebalance the different cells, and verifying that the voltage V across the second battery is greater than the
threshold voltage V .sub.m i .sub.n .

If the level of health detected in step 35 is insufficient, the electronic management unit 10 displays the alert
message corresponding to step 25. In the opposite case, the electronic management unit 10 tests at a step
36 if the different cells of the second battery 7 are sufficiently balanced. If this is the case, the electronic
management unit returns to the test step 22 to check if the vehicle, meanwhile, is in parking mode.

In the opposite case, the electronic management unit triggers a balancing of the cells in a step 37 and also
returns to the step 22.

The object of the invention is not limited to the embodiments described and may be the subject of numerous
variants, both as regards the arrangement of the different elements of the system 1, the operating algorithms
imp lantés in the electronic management unit 10 and / or the choice of types of batteries or other types of
accumulators.

The low voltage and high voltage impeded at the terminals of the second battery 7 can be obtained either by
regulating the voltage delivered by the alternator at two different levels or by raising the voltage at the
terminals of the second battery using a DC / DC transformer. The high voltage can also be obtained by
raising both the setpoint voltage across --> the alternator and transforming this voltage, using the DC / DC
transformer, into an even higher voltage across the second battery.

The operating algorithm, an example of which is given in FIG. 3, admits of a very large number of variants,
in particular as regards the succession of the various tests for determining which alternator voltage must be
imposed at a given instant, or in the defining one or more modes of forced charging. These forced charging
modes can be set with different Valt Mid alternator voltages depending on the modes. For example, it is
possible to define different modes of forced charging according to different conditions of charge level of the
second battery and different conditions of the type of running and / or operating point of the engine detected.
The electric accumulators referred to as first and second batteries may be electrochemical storage
batteries, for example a first lead battery and a second lithium ion battery. It is also possible to consider
using for the second battery other types of lithium batteries than lithium-ion batteries, other electrochemical
batteries or one or more supercapacitors.

The invention can be used for a power supply system of a propulsion vehicle by a heat engine. It can also
be used for a power system of an electric hybrid electric propulsion vehicle. In the latter case, it is possible
for example to use a lithium battery as the first battery used both for starting the vehicle and for occasional
propulsion of the vehicle, and a second supercapacitor type battery for accumulating energy during the
phases. deceleration. It is therefore necessary to understand in this application the term "electric
accumulator battery" in the broad sense since it encompasses storage systems of the supercapacitor type.
The system according to the invention makes it possible to reduce the overall fuel consumption of the
vehicle, to extend the life of the first battery, and, in the case where --> as a second battery a reconditioned
lithium battery, reduce the cost and the ecological footprint of the system.

It should be noted that the concept of using two batteries for different purposes can be expanded to more
than two batteries. In fact, it is conceivable to also use a third battery connected to the on-board network via
a DC / DC converter and a switch, this switch being closed in terms of "parking”, that is to say engine
stopped, to provide the necessary electrical energy to the on - board consumers. Advantageously this third
battery consists of modules recovered from an electric vehicle traction battery, benefits from the best
performance points of the engine and the alternator to be recharged (for example in deceleration, in the
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same way as the second battery at lithium), and benefits from a complementary charging system such as a
solar panel.

Similarly, the first lead battery used for starting the vehicle, can be connected to the on-board network via a
switch, to further specialize its use: this switch is closed for example only at startup, and on the best
performance points of the engine and the alternator when its state of charge is below a certain threshold.

It should be noted that the use of a switch between firstly a first battery and the onboard network and
secondly a second battery and the onboard network makes it possible to use for these two batteries identical
lead batteries. connected in parallel with the alternator without DC / DC intermediate while assigning them a
specific role (starting for one, consumption of the network for the other) and having them recharge at the
best points of efficiency of the engine and the alternator.

Claims

1. System (1) for supplying electrical energy to a vehicle, comprising:

a dc network (2) of at least one electrical consumer element (6) able to be supplied in a voltage range less
than or equal to a maximum network voltage (Vmax_network),

a first battery (4) of electrical accumulation connected to the network (2), and having a first maximum
voltage at no load (VO max Batt I) lower than the maximum network voltage (V max_network),

a second battery (7) of electrical accumulation connected to the network (2), having a second maximum
voltage unladen (VOmax_Batt2), greater than the maximum voltage at no load of the first battery (VOmax
Battl), and a minimum voltage acceptable vacuum (VOmini_Batt2) lower than the maximum network voltage
(Vmax_switch),

a controllable alternator (3) connected to the network (2), and capable of delivering to the second battery (7)
an electrical energy under a setpoint voltage that can be controlled at different setpoint values (low_valve,
high_valve),

characterized in that the system further comprises an electronic management unit (10), configured to
impose on the alternator (3) during the rolling of the vehicle, successively at least two different setpoint
voltages, namely a low voltage of alternator (Valt_basse) which is strictly greater than the first maximum
empty voltage of the first battery (VOmax Batt I), and a high alternator voltage (Valt high) which is strictly
greater than both the minimum empty voltage of the second battery (VOmini_Batt2), and the alternator low
voltage (Valt_basse).

2. System according to claim 1, further comprising a DC / DC voltage transformer (8) adapted to lower the
voltage delivered by the second battery (7) to the network, and wherein the second maximum voltage to no
load (VOmax_Batt2 ) of the second --> battery (7) is greater than the maximum mains voltage
(Vmax_network).

3. System according to claim 2, wherein the voltage transformer (8) is bidirectional, and is able to supply the
second battery (7) at a voltage greater than the maximum voltage of the network (Vmax network) when the
alternator ( 3) delivers a current under the alternator high voltage (high Valt).

4. System according to one of the preceding claims, wherein the first battery (4) is a lead battery, and the
second battery (7) is a lithium battery.

5. System according to one of the preceding claims, wherein the electronic management unit (10) is
configured to open a switch (1 1) of the second battery (7) when the engine of the vehicle is stopped and, if
the voltage of the first battery (4) goes under a first threshold and simultaneously the voltage of the second
battery is above a second threshold, to close the switch (1 1) for a predetermined period before performing
the next start of the vehicle.

6. A method of managing a motor vehicle equipped with a first battery (4) and a second battery (7) for
supplying electrical energy, the two batteries having maximum voltages with voids (VOmax_Batt | 2,
VOmax_Batt2 ) and being connected to the same alternator (3) and the same DC electrical network of the
vehicle (2), characterized in that it imposes a low alternator voltage (low Valt) during early phases of of the
vehicle, and imposes a higher alternator voltage (Valt high) higher than the low alternator voltage during
second vehicle running phases such as regenerative braking phases, less fuel-intensive than the first
phases.
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7. The method as claimed in claim 6, in which the high alternator voltage (high Valt) is imposed when the
vehicle is in the recuperative deceleration phase, and the low alternator voltage (low valt) is imposed when
the vehicle is in the vehicle. an acceleration phase of the engine.

8. Process according to claims 6 to 7, wherein an alternator intermediate voltage (Valt Mid) is imposed, -->
strictly greater than the alternator low voltage (Low valt) and lower than or equal to the high alternator
voltage (High valt), when a charge level of the second battery (7) becomes lower than a threshold load, and /
or when a certain mode of driving the vehicle other than the deceleration, is detected, and / or if the current
delivered by the second battery (7) to the network exceeds a certain threshold.
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units, which is ablc to bc powcrcd in a rangc of voltages
less than or equal to a maximum network voltage
(Vmax_network), - a first electrical accumulation battery
connected to the network, and exhibiting a first maximum
voltage when unloaded (VOmax_Battl)  which is less than
the maximum network voltage (Vmax_network), - a second
electrical accumulation battery connected to the network,
exhibiting a second maximum voltage when unloaded (VO-
max_Batt2), which is greater than the maximum voltage
when unloaded of the first battery (VOmax_Battl), and a
minimum acceptable voltage when unloaded
(VOmini_Batt2) which is below the maximum network vol-
tage (Vmax network), - a drivable alternator connected to
the network, and able to deliver to the second battery an
electrical energy under a setpoint voltage drivable to various
setpoint values (Valt_low, Valt high). The System further-
more comprises an electronic management facility, confligu-
red to impose at least two différent setpoint voltages succes-
sively on the alternator when the vehicle is running, namely
a low alternator voltage (Valt_low) which is strictly greater
than the first maximum voltage when unloaded of the first
battery (VOmax_Battl), and a high alternator voltage
(Valt_high) which is strictly greater both than the minimum
voltagc  when  unloadcd  of thc  sccond  battery
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Un systéme d'alimentation en énergie €lectrique d'un véhicule. comprend: -un réseau d'organes consommateurs électriques. apte a
étre alimenté dans une gamme de tensions inférieure ou égale a une tension maximale de réseau (Vmax_réseau). -une premiére
batterie d'accumulation électrique counectée au réseau. el présentant une premiére tension maximale a vide (VOmax_Battl) infé-
rieure 4 la tension maximale de réseau (Vmax_réseau). -une seconde batterie d'accumulation éleciique connectée au réseau, pré-
sentant une seconde tension maximale a vide (VOmax_Batt2), supérieure a la tension maximale a vide de la premiere batterie (VO -
max_Battl), et une tension minimale a vide acceptable (VOmini_Batt2) inférieure a la tension maximale de réseau (Vmax_réseau),
-un alternateur pilotable connecté au réseau. et apte a délivrer a la seconde batterie une énergie élecwrique sous une tension de
consigne pilotable a différentes valeurs de consigne (Valt_basse, Valt_haute). Le systéme comprend en ouwe une unité de gestion
électronique, configurée pour imposera l'alternateur lors du roulage du véhicule, successivement au moins deux tensions de
consigne différentes, a savoir une tension basse d'alternateur (Valt_basse) qui est strictement supérieure a la premiere tension
maximale a vide de la premiere batterie (VOmax_Battl). et une tension haute d'alternateur (Valt_haute) qui est strictement supé -
ricurc a la fois a la tension minimalce a vide dc la scconde batteric (VOmini_Batt2), ct ala tension bassc d'alternatcur (Valt_bassc
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1

PROCEDE DE RECHARGEMENT D'UN COUPLE DE
BATTERIES DE VEHICULE DE TENSIONS NOMINALES
DIFFERENTES, ET SYSTEME ASSOCIE

L'invention se rapporte aux systemes d'alimentation
électrique de véhicules automobiles a propulsion par un moteur
thermique ou a propulsion hybride thermique-électrique, et
notamment aux systémes d'alimentation électrique comprenant
plusieurs batteries de types différents.

On peut en effet souhaiter utiliser différents types de
batteries en parallele afin de tirer parti par exemple de la bonne
capacité d'une batterie au plomb a fournir de l'énergie pour un
démarrage a froid, et de la forte énergie spécifique ainsi que de la
plus grande endurance en terme de cycles de charge et de décharge
d'une batterie de type lithium-ion.

La demande de brevet US 2011 00 1352 décrit ainsi un
systeme ol les deux types de batteries sont présentes, les tensions a
vide et les résistances internes des deux batteries étant choisies de
maniere a ce que, pour une tension d'alternateur constante, ce soit
de maniere préférentielle la batterie au lithium qui se décharge puis
se recharge, la batterie au plomb subissant ainsi un moindre nombre
de cycles de charge et de décharge.

L'utilisation de la batterie au plomb est alors réservée de
maniere préférentielle aux phases de démarrage du véhicule.

Pour permettre d'obtenir une telle configuration, la tension
maximale a vide de la batterie au lithium doit rester relativement
proche de la tension maximale a vidc de la batterie au plomb. La
capacité énergétique maximale de la batterie au lithium s'en trouve
donc limitée.

Un tel systtme permet d'augmenter la durée de vie de la
batterie au plomb, mais oblige a limiter les performances des
batteries au lithium utilisées. En outre, la tension constante de
l'alternateur doit €étre choisie suffisamment élevée pour permettre de
recharger simultanément la batterie au plomb et la batterie au
lithium, ce qui induit une surconsommation de carburant par rapport
a un systéeme muni uniquement d'une batterie au plomb.
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L'invention a pour but de proposer un systéme
d'alimentation électrique d'un véhicule comprenant deux batteries,
ce systetme permettant non seulement d'augmenter la durée de vie de
la batterie au plomb, mais également de réduire la consommation
moyenne en carburant du véhicule.

A cet effet, un systéme d'alimentation en énergie électrique
d'un véhicule, comprend :

-un réseau a courant continu, d'au moins un organe
consommateur €lectrique, aptc a €tre alimenté dans unc gamme de
tensions inférieure ou égale a une lension maximale de réseau,

-une premiére batterie d'accumulation électrique connectée
au réseau, et présentant une premiére tension maximale a vide
inférieure a la tension maximale de réseau,

-une seconde batterie d'accumulation électrique connectée au
réseau, présentant une seconde tension maximale a vide, supérieure
a la tension maximale a vide de la premicre batterie, et une tension
minimale a vide acceptable inférieure a la tension maximale de
réseau,

-un alternateur pilotable connecté au réseau, et apte a
délivrer a la seconde batterie une énergie électrique sous une
tension de consigne pilotable a différentes valeurs de consigne.

Le systtme comprend en outre une unité de gestion
électronique, configurée pour imposer a l'alternateur lors du roulage
du véhicule, successivement au moins deux tensions de consigne
différentes, a savoir une tension basse d'alternateur qui est
strictement supérieure a la premiére tension maximale a vide de la
premiére batterie, et une tension haute d'alternateur qui est
strictement supérieure a la fois a la tension minimale a vide de la
seconde batterie, et a la tension basse d'alternateur. Selon certaines
variantes de réalisation, 1'alternateur peut étre un systéme
d'alternateur comprenant un alternateur associé a un transformateur
CC/CC  (courant continu/courant  continu, encore  appelé
« DC/DC converter» en anglais). L'alternateur peut alors étre
pilotable lui-méme en tension. Selon un autre mode de réalisation,
la tension de consigne peut étre pilotable en modifiant uniquement
la consigne du transformateur CC/CC, l'alternateur n'étant pas
pilotable en (ension. Selon encore un autre mode de réalisation, la
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tension de consigne peut étre pilotable en modifiant a la fois la
tension délivrée par lalternateur et la consigne du transformateur
CC/CC.

Selon un mode de réalisation amélioré, le systéme comporte
en outre un transformateur de tension de type CC/CC apte a abaisser
la tension délivrée par la seconde batterie au réseau. La seconde
tension de fonctionnement a charge compléte de la seconde batterie
peut alors étre supérieure a la tension maximale de réseau.

Avantageusement le transformateur de tension  est
bidirectionnel, et est apte a alimenter la seconde batlerie a une
tension supérieure a la tension maximale du réseau quand
l'alternateur débite un courant sous la tension haute d'alternateur.

La premicre batterie peut €tre une batterie au plomb, et la
seconde batterie peut &tre une batterie au lithium, en particulier une
batterie de type lithium-ion. La seconde batterie peut également éEtre
une batterie au plomb (classique ou au plomb renforcé ou encore
VRLA d'aprés l'anglais « Valve Regulated Lead Acide Battery ») de
caractéristiques différentes de la premiére batterie.

L'unité de gestion électronique peut étre configurée pour
ouvrir un interrupteur de la seconde batterie quand le véhicule est
dans un mode parking, c'est-a-dire moteur arrété, et peut étre
configurée, si la tension de la premiere batterie passe sous un
premier seuil et simultanément la tension de la seconde batterie est
au dessus d'un second seuil, pour refermer cet interrupteur pendant
une période prédéterminée avant d'effectuer le démarrage suivant du
véhicule. Cette période prédéterminée permet de recharger
partiellement la premiére batterie.

Selon un autre aspect, dans un procédé de gestion d'un
véhicule automobile équipé d'une premiere batterie et d'une seconde
batterie d'alimentation en énergie électrique, les deux batteries
présentant des tensions maximales a vides différentes et étant
connectées a un méme alternateur et & un méme réseau électrique a
courant continu du véhicule, on impose une tension basse
d'alternateur pendant des premicres phases de roulage du véhicule,
et I'on impose une tension haute d'alternateur plus €levée que la
tension basse d'alternateur pendant des secondes phases de roulage
du véhicule telles que des phases de freinage récupératif, moins
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consommatrices en carburant que les premieres phases. Les
premieres phases de roulage correspondent a des phases de roulage
hors décélération. Avantageusement, ce procédé peut étre appliqué a
un véhicule automobile ol la premiére batterie, la seconde batterie
et 'alternateur sont branchés en paralléle.

De maniere préférentielle, on impose la tension haute
d'alternateur quand le véhicule est en phase de décélération
récupérative, et on impose la tension basse d'alternateur quand le
véhicule est dans une phase d'accélération du moteur.

On peut imposer une tension intermédiaire d'alternateur,
strictement supérieure a la tension basse d'alternateur et inférieure
ou égale a la tension haute d'alternateur, quand un niveau de charge
de la seconde batterie devient inférieur a une charge seuil, et/ou
quand un certain mode de roulage du véhicule autre que la
décélération, est détecté, et/ou si le courant délivré par la seconde
batterie au réseau dépasse un certain seuil. Le niveau de la tension
intermédiaire d'alternateur peut étre différent dans les différents cas
cités.

On peut par exemple alimenter la seconde batterie a l'aide
d'un transformateur CC/CC en amenant la tension aux bornes de la
batterie a une valeur comprise entre 15V et 17V pendant les phases
de décélération récupérative du véhicule.

Le systtme peut comprendre des panneaux solaires
embarqués sur le véhicule, et connectés au réseau.

Le systtme peut également comprendre une prise électrique
adaptée pour un rechargement de la seconde batterie sur un réseau
extérieur au véhicule.

Selon un mode de réalisation préféré, la seconde batterie
peut étre une batterie au lithium reconditionnée ayant déja servi a
fournir de 1'énergie de propulsion automobile. Typiquement la
seconde batterie au lithium est composée de deux modules « usés »
d'une batterie de traction pour véhicule électrique, c'est-a-dire dont
I'état de charge est compris entre 70% et 80% de leur capacité
initiale. Le systéme selon l'invention utilise ces modules dans une
plage de tension correspondant a un état de charge compris entre 5%
et 30% de leur capacité initiale. Pour ne pas décharger ces modules
en deca de leur état de charge d'utilisation, un commutateur est
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placé entre la batterie au lithium et le reste du systéme, ce
commutateur étant ouvert dés que 1'état de charge de la batterie
atteint un état de charge de 5% et n'est plus rechargée par le
systeme selon l'invention, donc typiquement en mode « parking »,
c'est-a-dire lorsque le moteur du véhicule est arrété.

L'unité de gestion électronique peut par exemple Etre
configurée pour imposer une tension basse d'alternateur qui est
inférieure ou égale a 1,05 fois la tension maximale a vide de la
premiere batterie, voire inférieure a 1,035 fois la tension maximale
a vide de la premiere ballerie.

La tension basse d'alternateur peut par exemple Etre
comprise entre 12,8 et 13,5V, et la tension haute d'alternateur peut
étre comprise entre 14 et 15V.

Selon un mode de réalisation avantageux, on peut alimenter
la seconde batterie a l'aide d'un transformateur CC/CC en amenant
la tension aux bornes de la batterie a une valeur comprise entre 15V
et 17V pendant les phases de décélération récupérative du véhicule.

D'autres buts, caractéristiques et avantages de l'invention
apparaitront a la lecture de la description suivante, donnée
uniquement a titre d'exemple nullement limitatif, et faite en
référence aux dessins annexés, sur lesquels :

- la figure 1 est une représentation schématique d'un

systeme d'alimentation selon l'invention,

- la figure 2 est un graphique représentant les
niveaux relatifs de différentes tensions intervenant
dans le fonctionnement du systeme d'alimentation
de la figure 1,

- la figure 3 est un algorithme illustrant un mode de
gestion possible du systeme d'alimentation de Ia
figure 1.

Tel qu'illustré sur la figure 1, un systeme 1 d'alimentation
électrique d'un véhicule comprend un réseau électrique 2, un
alternateur 3, une premiere batterie 4, par exemple une batterie au
plomb, une seconde batterie 7, par exemple une batterie de type
lithium-ion, et une unité de gestion électronique 10. La seconde
batterie 7 est munic dun interrupteur 11 permettant de la
déconnecter du réseau 2. L'alternateur 3 est apte a converlir de
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I'énergie mécanique prélevée sur un arbre relié a un moteur
thermique (non représenté) en énergie électrique envoyée sur le
réseau €lectrique 2.

Sur le réseau électrique 2 sont disposés des consommateurs
électriques 6, comme par exemple un dispositif de climatisation, des
moyens d'éclairage et des moyens de chauffage. L'alternateur 3 est
connecté aux bornes de la premicre batterie 4. La seconde batterie 7
est connectée en parallele a la premiére batterie 4. Les
consommateurs €électriques 6 sont branchés en paralleéle sur le réseau
2. Le réseau 2 comprend une mise a la masse 5 sur le chissis du
véhicule. Le réseau 2 alimente également un démarreur apte a lancer
le moteur thermique du véhicule afin d'initier le premier cycle de
combustion.

Selon les variantes de réalisation, la seconde batterie 7 peut
étre reliée a un transformateur CC/CC 8 connecté en série a la
batterie 7, de maniére a ce que la tension aux bornes de la seconde
batterie 7 puisse €tre plus élevée que la tension maximum du réseau
2.

Dans les variantes de réalisation ou la seconde batterie 7 est
associée a un transformateur de type CC/CC 8, des moyens de
production d'énergie tels que des panneaux solaires 9 peuvent étre
branchés aux bornes de la seconde batterie 7, ce qui autorise la
tension maximale délivrée par ces panneaux solaires 9 a étre plus
élevée que la tension maximum du réseau 2. L'unité de gestion
€lectronique est reliée a l'alternateur 3, auquel elle est apte a
imposer une tension de consigne variable et notamment, auquel elle
est apte a imposer deux valeurs distinctes de valeurs de consigne,
une premiére valeur notée Vall basse et une seconde valeur notée
Valt_haute plus élevée que la premicre valeur.

L'unité de gestion électronique 10 est également reliée a
l'interrupteur 11 qui, peut étre de type mécanique-
électromagnétique, ou de type €lectronique, par exemple sous forme
d'un transistor. En ouvrant linterrupteur 11, l'unité de gestion
électronique 10 peut déconnecter la seconde batterie 7 du réseau, et
éviter une décharge intempestive de cette seconde batterie 7.

La premiére batterie, notamment si la premicre batterie est
une batterie au plomb, peut étre utilisée de maniére préférentielle au
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moment des démarrages du moteur thermique du véhicule, pour
alimenter un démarreur. L'unité de gestion électronique 10
déconnecte la seconde batterie 7 (par exemple une batterie lithium,
et plus précisément de type lithium-ion) a l'aide de l'interrupteur
11, dés que le véhicule est en mode « parking ». On évite de cette
maniére de décharger la batterie 7. La seconde batterie 7 reste alors
déconnectée du réseau jusqu'a ce que le prochain démarrage du
moteur du véhicule ait été effectué.

Les batteries au plomb ont en effet une excellente capacité
de démarrage a froid, et c'est donc la premiere batlerie 4 au plomb
qui est utilisée au moment du démarrage du moteur thermique du
véhicule.

Les batteries au lithium ont une meilleure endurance en
terme de cyclages, et c'est donc la seconde batterie qui est utilisée
pour alimenter le réseau de bord du véhicule pendant le roulage du
véhicule. La tension du réseau c'est-a-dire la tension mesurable
entre les bornes de la premicre batterie 4, est imposée par celui des
trois €léments, parmi l'alternateur 3, la premiere batterie 4 et la
deuxiéme batterie 7 éventuellement associée a un transformateur
CC/CC, qui présente entre ses deux bornes la tension la plus élevée.

Par « bornes » de chacun des éléments, on entend les deux
points de connexion de cet élément au réseau 2.

Dans le cas ou le systeme inclut un transformateur CC/CC 8,
connecté comme décrit sur la figure 1, on entend par tension aux
bornes de l'ensemble [seconde batterie 7, transformateur CC/CC 8],
la tension entre les deux points de connexion de cet ensemble, au
réseau 2.

Quand l'alternateur 3 ne lourne pas, par exemple au moment
du démarrage du véhicule, et que la seconde batterie 7 est
déconnectée au moyen de linterrupteur 11, c'est la premiere
batterie 4 qui impose la tension sur le réseau 2.

Quand le véhicule roule et que l'alternateur 3 fonctionne, on
choisit de piloter la consigne de tension de l'alternateur 3 au dessus
de la tension maximale a vide de la premicre batterie 4. De cette
maniére, ce n'est pas la premicre batterie 4 qui fournit l'énergie
électrique du circuit 2. Selon que la tension de l'alternateur 3 est
plus élevée ou plus basse que la tension de la seconde batterie 7, ce
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sera alors soit l'alternateur 3, soit la seconde batterie 7, soit les
deux simultanément, qui fourniront 1'énergie électrique du réseau 2.

Dans le cadre de l'invention, on choisit une seconde
batterie 7 dont la tension maximale a vide est suffisamment
supérieure a la tension maximale a vide de la premiére batterie 4, de
maniére a pouvoir 1imposer alternativement deux modes de
fonctionnement. Dans le premier mode de fonctionnement, Ila
tension d'alternateur est {ixée a une valeur basse « Valt_basse », qui
est supérieure a la tension a vide maximale de la premiére batterie
« VOmax battl », elle-méme inférieure a la t(ension maximale
tolérée par le réseau « Vmax réseau ». La tension d'alternateur
« Valt_basse » est inférieure a la tension maximale a vide de la
seconde batterie 7 « VOmax_batt2 ». Dans un second mode de
fonctionnement, la tension d'alternateur est égale a une valeur haute
de tension d'alternateur « Valt haute », qui est supérieure a la
tension basse d'alternateur, tout en restant inférieure a la tension
maximale tolérée par le réseau.

Pe cette maniére, quand lalternateur 3 est régulé pour
délivrer la tension basse d'alternateur, el que la seconde batterie 7
est suffisamment chargée pour que sa tension soit supérieure a la
tension basse d'alternateur, c'est la seconde batterie 7 qui fournit
I'énergie  électrique au réseau 2. Quand, dans ce mode de
fonctionnement, la tension de fonctionnement de la seconde batterie
7 descend au niveau de la tension basse d'alternateur, une partie de
I'énergie électrique du réseau 2 est fournie par la seconde batterie 7,
et une partie de 1'énergie électrique est fournie par l'alternateur 3.

Quand T'unité de gestion électronique 10 impose le second
mode de fonctionnement, ou c'est la tension haute d'alternateur qui
est imposée, si la tension a vide de la seconde batterie est inf€rieure
a la tension haute d'alternateur, c'est alors l'alternateur qui fournit
I'énergie électrique au réseau et qui fournit simultanément une
énergie permettant la recharge de la seconde batterie 7.

Si aucun autre moyen que l'alternateur 3 n'est prévu pour
recharger la seconde batterie 7, la seconde batterie 7 pourra donc se
recharger pendant les phases ou c'est la tension haute d'alternateur
qui est imposée, et pourra fournir de I'énergie au réseau tant que sa
lension restera supérieure a la tension basse d'alternateur, pendant
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les phases ou l'unité de gestion électronique 10 impose la tension
basse d'alternateur.

On impose de préférence une tension basse d'alternateur tout
juste supérieure a la tension maximale a vide de la premiére
batterie, de maniére a ce que, pendant les phases ou la tension basse
d'alternateur est imposée, l'alternateur préleéve le moins possible
d'énergie mécanique sur l'arbre moteur entrainé par le moteur
thermique. L'alternateur ne crée ainsi qu'une surconsommation
limitée de carburant, tout en assurant que la premiére batterie reste
constamment chargée a son niveau maximal.

Dans le premier mode de fonctionnement, tant que la seconde
batterie 7 est suffisamment chargée (c'est-a-dire tant que sa tension
est supérieure a la tension basse d'alternateur), c'est la seconde
batterie 7 qui fournit 1'énergie électrique au réseau 2.

Les phases ou I'on impose la tension haute d'alternateur en
vue de recharger la seconde batterie 7, sont de préférence les phases
de roulage a faible colit en carburant, par exemple les phases de
décélération récupérative, c'est-a-dire si le véhicule est dans un
mode de décélération permettant d'atiliser le frein moteur, et
d'utiliser une partie de I'énergie mécanique de l'arbre moteur pour
faire tourner I'alternateur. Il suffit par exemple pour cela que la
consigne a la pédale du véhicule corresponde a une phase de
décélération moteur.

Une partie de I'énergie cinétique de freinage du véhicule sert
alors a recharger la seconde batterie 7. Cette énergie récupérée
pendant les phases de freinage permet ensuite d'économiser du
carburant, en limitant la tension d'alternateur imposée pendant les
phases de roulage correspondant au premier mode de
fonctionnement.

La figure 2 illustre un exemple de positionnement relatif des
différentes valeurs de tensions mentionnées précédemment dans la
description du systeme d'alimentation électrique 1. Les différents
niveaux représentés sur la figure 2 illustrent la tension minimale a
vide de la premicre batterie 4 soit VOmini_battl , la tension
maximale a vide de la premiére batterie 4 soit VOmax_ battl , la
tension minimale a vide VOmini_batt2 de la seconde batterie 7, la
tension maximale a vide VOmax_batt2 de la seconde batterie, la
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10

tension  basse d'alternateur  Valt basse, 1la tension haute
d'alternateur Valt_ haute et la tension maximale Vmax réseau que le
réseau 2 est capable de supporter sans étre endommagé.

De maniére typique, si I'on fonctionne avec une batterie au
plomb comme premicre batterie 4, et avec, comme seconde batterie,
une batterie de type lithium-ion issue de la récupération de batteries
lithium-ion ayant servi a propulser des véhicules élecwiques ou
hybrides, la tension minimale a vide VOmini_battl de la premicre
battcric au plomb cst de l'ordrc de 12 volts, et corrcspond
sensiblement a la tension minimale a vide VOmini_batt2 de la
seconde batterie au lithium, ou est un peu inférieure.

La tension maximale a vide VOmax_ battl de la premiére
batterie au plomb est de l'ordre de 12,8 volts, et la tension basse
d'alternateur Valt basse que l'on impose pour étre juste au dessus
de cette tension maximale a vide est de l'ordre de 13,2 volts.

L.a tension maximale a vide VOmax_batt2 de la seconde
batterie au lithium peut étre de l'ordre de 16,8 volts, et la tension
hautc d'altcrnatcur Valt_hautc de l'ordrc de 15 volts afin de rcster
en dessous de la valeur maximale acceptée par le réseau
Vmax réseau, qui elle, est de l'ordre de 16 volts.

I1 est envisageable d'utiliser d'autres types de batterie pour
la premiére et pour la seconde batterie, et la tension maximale de la
seconde batterie n'est pas obligatoirement supérieure a la tension
maximale du réseau. La tension basse d'alternateur doit de
préférence étre supérieure a la tension maximale a vide de la
premicre batterie. On pourrait éventuellement envisager un mode de
réalisation ou la tcnsion bassc d'altcrnatcur scrait trés 1égérement
inférieure a la tension maximale a vide de la premiére batterie, mais
on imposerait alors inutilement des cycles de charge et de décharge
a la premicre batterie en réduisant la durée de vie de celle-ci.

La tension maximale de la seconde batterie devra &tre
obligatoirement supérieure a la tension maximale a vide de la
premicre batterie, de manicére a pouvoir définir une valeur de
tension basse d'alternateur entre ces deux valeurs de tension
maximale a vide des deux batteries.

La tcnsion hautc d'altcrnatcur pcut ¢&tre égalc, voirc
supérieure a la tension maximale a vide de la seconde batterie, par
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exemple si la tension maximale de la seconde batterie est inférieure
a la tension maximale tolérée par le réseau.

La tension minimale a vide de la seconde batterie doit Etre
inférieure a la tension haute d'alternateur afin de permettre une
charge au moins partielle de la seconde batterie 7 pendant les phases
de fonctionnement avec la tension haute d'alternateur.

La seconde batterie 7 peut étre rechargée, outre pendant les
phases ou l'alternateur (ourne a sa valeur de lension élevée, par des
moycns de production électriques supplémentaires tels que les
panneaux solaires 9. Dans le cas ou la tension maximale a vide de la
seconde batterie est inférieure a la tension maximale tolérée par le
réseau, ou dans le cas ou le systtme comprend un transformateur
CC/CC apte a abaisser la tension délivrée par la seconde batterie a
une tension inférieure a la tension maximale tolérée par le réseau,
on peut également envisager de recharger la seconde batterie 7 sur
un réseau extérieur au véhicule, par exemple sur une aire de
stationnement.

La tension maximale a vidc de la seconde batterie 7, c'est-a-
dire VOmax_ball2, peut élre inférieure ou supérieure a la (ension
maximale acceptée par lc réseau 2. Si la tension maximale a vide de
la seconde batterie est supérieure a la tension maximale acceptée par
le réseau Vmax réseau, selon une premiere variante de réalisation,
on exploite la seconde batterie 7 sur une partie seulement de son
domaine de fonctionnement c'est-a-dire par exemple entre la tension
basse d'alternateur et la tension haute d'alternateur.

Selon une seconde variante de fonctionnement, on peut
exploiter la seconde batterie 7 sur un domaine plus large, par
exemple entre la tension basse d'alternateur et la tension maximale
a vide acceptée par la seconde batterie 7, si par exemple lc systeme
est muni d'un transformateur CC/CC 8, apte a abaisser la tension
délivrée par la seconde batterie 7 de maniere a l'amener a une
valeur inférieure ou égale a la tension maximale tolérée par le
réseau.

Dans ce cas, on peut par exemple envisager de charge la
seconde batterie 7 a sa tension maximale a vide a partir d'un réseau
extérieur au véhicule, quand le véhicule est a l'arrét. On utilise
ensuite cette réserve d'énergie pendant le roulage du véhicule en la
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complétant par une recharge partielle de la batterie a une tension
haute d'alternateur quand le véhicule est en décélération
récupérative.

Si le transformateur CC/CC est bidirectionnel, on peut méme
envisager de charger la seconde batterie a sa tension maximale a
vide en élevant la tension aux bornes de la seconde batterie 7 par
rapport a la tension haute d'alternateur pendant les phases de
décélération récupérative.

Par sécurité, afin d'évitcr une déchargc méme particllc de la
premicre batterie 4, la tension basse d'alternateur est choisie
légerement supérieure a la tension maximale a vide de la premicre
batterie 4.

La tension minimale a vide de la seconde batterie 7 est de
préférence inférieure a la tension basse d'alternateur de manicre a
ce que, lorsque le véhicule est dans un mode de roulage ou la
tension basse d'alternateur est imposée par 1'unité de gestion
¢lectronique 10, [I'énergie  fournie par l'alternateur  vienne
automatiquecment compléter I'éncrgic  fournic par la sccondc battcric
7 lorsque la tension de celle-ci vient a baisser. On ¢évite ainsi que la
tension de la seconde batterie 7 puisse descendre a la tension
minimale tolérée VOmini_batt2.

On pourrait envisager des variantes de réalisation ou la
tension minimale a vide de la seconde batterie serait supérieure a la
tension basse d'alternateur, mais il faut pour une telle variante que
l'unité de gestion électronique 10 impose une tension haute
d'alternateur avant que la tension de la seconde batterie 7 ne
descende en dessous de sa valeur minimale. I] faut, dans tous les
cas, que la tension minimale a vide de la seconde batterie 7 soit
inférieure a la tension haute d'alternateur.

La tension basse d'alternateur est de préférence inférieure a
la tension maximale a vide de la seconde batterie 7. Elle est aussi
proche que possible, par valeur supérieure, de la tension maximale a
vide de la premiére batterie, tout en gardant une marge d'écart afin
d'étre stir que l'alternateur régulé en tension basse d'alternateur
reste au dessus de cette valeur minimale VOmax_battl .

Il est avantageux d'utiliser une seconde batterie 7 dont la
tension maximale a vide VOmax_batt2 est supérieure a la tension
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maximale Vmax réseau du réseau 2, ce qui permet, pour choisir les
valeurs de la tension basse d'alternateur et de la tension haute
d'alternateur, de disposer de tout l'intervalle de tension compris
entre la tension maximale a vide de la premi¢re batterie
VOmax_battl et la tension maximale acceptée par le réseau
Vmax_réseau.

On se trouve en particulier dans cette configuration lorsque
l'on a un réseau 2 du véhicule dont la tension maximale acceptable
cst de l'ordrc de 15 & 16 volts, et que l'on utilisc comme prcmicre
batterie 4 une batterie au plomb, dont la tension maximale a vide est
d'environ 12,8 volts, et une batterie lithium-ion pour la seconde
batterie 7, par exemple une batterie lithium-ion reconditionnée suite
a une utilisation pour la propulsion de véhicule électrique. Une telle
batterie reconditionnée présente par exemple une tension maximale
a vide de lordre de 16,8 volts et une tension minimale a vide
acceptable voisine de 12 volts.

Outre le basculement a une tension d'alternateur haute
pendant les phascs de décélération du véhicule, des stratégics
complémentaires implémentées dans l'unité de gestion électronique
10 peuvent étre définies, afin d'éviter une décharge excessive de la
seconde batterie 7 dans les cas de figure ou les phases de
décélération récupérative ne sont pas suffisamment fréquentes et/ou
suffisamment prolongées.

On peut alors choisir d'imposer une tension d'alternateur
intermédiaire enwe la tension basse d'alternateur et la tension haute
d'alternateur, c'est-a-dire strictement supérieure a la tension basse
d'altcrnatcur et inféricurcs ou égalecs a la tension hautc
d'alternateur. Une ou plusieurs tensions intermédiaires peuvent
ainsi étre imposées pendant certaines phases de roulage qui peuvent
laisser supposer que les prochaines décélérations sont éloignées
dans le temps. Ces phases de roulage peuvent comprendre des modes
de roulage de type autoroutier. Une ou plusieurs tensions
intermédiaires peuvent également étre imposées pour des modes de
roulage préprogrammés dans l'unité de gestion électronique parce
que le point de fonctionnement du moteur, pour ces modes de
roulage, correspond d une consommation en carburant moins élevée
que pour d'autres modes de roulage.
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Le basculement vers une tension intermédiaire d'alternateur
peut également €tre conditionné par la détection simultanée d'un
mode de roulage donné, et d'un état de charge inférieur ou égal a un
état de charge seuil de la seconde batterie 7.

La figure 3 illustre un algorithme 1 qui peut étre implanté
dans l'unité de gestion électronique 10 d'un systéme d'alimentation
en énergie selon l'invention. A un instant initial 21, correspondant
par exemple a la mise en service du véhicule ou a sa remise en
service aprés un changement de batteries, 1'unité de gestion
électronique 10 teste, a une élape 22, si le véhicule est en mode
parking.

Si c'est le cas, I'unité de gestion électronique 10 déconnecte,
si ce n'est déja fait, la seconde batterie 7 du réseau 2 a l'aide de
l'interrupteur 11, a une étape 23.

Elle teste ensuite a une étape 24, si la tension aux bornes de
la seconde batterie 7 est descendue en dessous d'une tension Vmin
qui peut, par exemple, étre égale a la tension minimale a vide
VOmini_batt2 de la seconde batterie, ou €tre une valeur légérement
supérieure a cette tension minimale a vide.

Si la tension mesurée est inférieure a la tension seuil Vmin,
l'unité de gestion électronique 10 affiche un message d'alerte
avertissant le conducteur qu'il doit changer la seconde batterie 7. a
une étape 25. Si la tension est supérieure a la tension seuil Vmin,
I'unité de gestion électronique retourne a l'étape 22.

Quand le test 22 indique que le véhicule n'est plus en
configuration de parking, l'unité de gestion électronique 10 teste a
une étape 26 la santé de la seconde batterie 7. Ce test de santé peut
par exemple consister a vérifier si le nombre de cycles de charges et
de décharges déja subies par la seconde batterie 7 est inférieur a un
nombre seuil Nmax de charges et de décharges, si les différentes
cellules de la batterie sont suffisamment équilibrées, et si la tension
aux bornes de la batterie est supérieure ou égale a la tension seuil
Vmin.

Si la réponse est négative, l'unité de gestion électronique 10
affiche le message d'alerte correspondant a 1'étape 25. Si le résultat
du test 26 est positif, 1'unité de gestion électronique effectue un test
27 pour savoir si le moteur thermique du véhicule est actif. Si ce
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n'est pas le cas, I'unité de gestion électronique 10 met en place une
stratégie 28 permettant d'alimenter le réseau 2 soit a partir de la
premiere batterie, soit a partir de la seconde batterie, soit a partir
des deux batteries conjointement, puis retourne a l'étape 22.

Lorsque le test 27 indique que le moteur thermique du
véhicule est actif, l'unité de gestion électronique teste a une étape
29 si le véhicule est dans un mode de décélération récupérative,
c'est-d-dire  si le véhicule est dans un mode de décélération
permettant d'utiliser le frein moteur, cn puisant une partie de
I'énergie  mécanique de l'arbre moteur pour faire (ourner
l'alternateur. 11 suffit par exemple pour cela que la consigne a la
pédale du véhicule corresponde a une phase de décélération moteur.

Si le véhicule est en mode de décélération récupérative,
I'unité de gestion électronique 10 impose a l'alternateur une tension
haute d'alternateur, par exemple 15 volts, a une étape 31, et
continue a boucler sur le test 29 puis sur le pilotage a la tension
haute d'alternateur 31, tant que le véhicule est en décélération.

Si le véhicule n'est pas en décélération récupérative a la
sortie de l'éltape de test 29, l'unité de gestion électronique 10
impose a l'alternateur 3 de fonctionner a la tension basse
d'alternateur, par exemple a 13 volts, a une étape 30.

Suite a l'étape 30, l'unité de gestion électronique 10 teste si
le véhicule et la seconde batterie 7 sont dans une configuration « de
charge forcée ». Une telle configuration de charge forcée peut par
exemple correspondre au cas ol la tension aux bornes de la seconde
batterie 7 descend en dessous d'une valeur seuil Vi et ou
simultanément un compteur de temps Ai, qui comptabilise le temps
écoulé depuis la derniere décélération, passe au dessus d'un seuil
AT,

Dans ce cas de figure, on peut considérer que la tension de la
seconde batterie commence a devenir insuffisante, et que le mode de
roulage détecté n'est pas un mode de roulage ponctué de
décélérations suffisamment fréquentes.

Si ce test 32 révele que l'on se trouve dans la configuration
de marche forcée, l'unité de gestion électronique 10 impose, a une
étape 33, unc régulation de l'alternateur 3 a unc tension Valt Mid
par exemple égale a 14,5 volts, et continue a imposer ce mode de
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charge forcée tant que le niveau de recharge de la batterie testé a
une étape 34 n'a pas atteint un niveau satisfaisant minimal SOC .

Ce niveau de charge minimal peut par exemple étre détecté
par une baisse du courant de recharge entrant dans la seconde
batterie 7.

Quand le test de 1'étape 34 indique que le niveau de recharge
de la seconde batterie est suffisant, l'unité de gestion électronique
10 teste a une étape 35 la santé de la seconde batterie 7, par
exemple en vérifiant que la température de la batterie ne dépasse

pas une température T maximale, en vérifiant que le niveau

max
d'équilibrage entre les différentes cellules est suffisant, ou a défaut
que ce niveau permet encore de rééquilibrer les différentes cellules,
et en vérifiant que la tension V aux bornes de la seconde batterie est
supérieure a la tension seuil V..

Si le niveau de santé détecté a l'étape 35 est insuffisant,
l'unité de gestion électronique 10 affiche le message d'alerte
correspondant a 1'étape 25. Dans le cas contraire, 1'unité de gestion
électronique 10 teste a unc étape 36 si Ics différentes cellules de la
seconde batterie 7 sont suffisamment équilibrées. Si c'est le cas,
l'unité de gestion électronique revient a l'étape de test 22
permettant de vérifier si le véhicule, entre temps, se trouve en mode
parking.

Dans le cas contraire, l'unité de gestion électronique
déclenche un équilibrage des cellules a une étape 37 et retourne
également a 1'étape 22.

L'objet de l'invention ne se limite pas aux exemples de
réalisation décrits et peut faire l'objet de nombreuses variantes,
aussi bien en ce qui concerne l'agencement des différents éléments
du systeme 1, les algorithmes de fonctionnement implantés dans
l'unité de gestion électronique 10 et/ou le choix des types de
batteries ou autres types d'accumulateurs.

La tension basse et la tension haute imposées aux bornes de
la seconde batterie 7, peuvent Etre obtenues soit en régulant la
tension délivrée par l'alternateur a deux niveaux différents, soit en
élevant la tension aux bornes de la seconde batterie a l'aide d'un
transformateur CC/CC. La tension haute peut également &tre
obtenue en élevant a la fois la tension de consigne aux bornes de
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I'alternateur et en transformant cette tension, a l'aide du
transformateur CC/CC, en une tension encore plus élevée aux bornes
de la seconde batterie.

L'algorithme de fonctionnement, dont un exemple est donné
en figure 3, admet de trés nombreuses variantes, notamment en ce
qui concerne la succession des différents tests pour déterminer
quelle tension d'alternateur doit étre imposée a un instant donné, ou
dans la définition d'un ou de plusieurs modes de charge forcée. Ces
modcs de charge forcée peuvent étre définis avec différentes
tensions d'alternateur Valt Mid selon les modes. On peut par
exemple définir différents modes de charge forcée suivant
différentes conditions de niveau de charge de la seconde batterie et
différentes conditions de type de roulage et/ou de point de
fonctionnement du moteur détecté.

Les accumulateurs électriques désignés sous le terme de
premiere et seconde batterie peuvent étre des Dbatteries
d'accumulation de type électrochimique, par exemple une premiere
batterie au plomb et une seconde batterie de type lithium-ion. On
peut également envisager d'utiliser pour la seconde batterie d'autres
types de batteries lithium que les batteries lithium-ion, d'autres
batteries de type électrochimique ou encore un ou plusieurs
supercondensateurs.

L'invention peut étre utilisée pour un systéme d'alimentation
d'un véhicule a propulsion par un moteur thermique. Elle peut
également étre utilisée pour un systeme d'alimentation électrique
d'un véhicule a propulsion hybride thermique électrique. Dans ce
dernier cas, on peut par exemple utiliser une batterie au lithium
comme premiere batterie servant a la fois pour le démarrage du
véhicule et pour la propulsion occasionnelle du véhicule, et une
seconde batterie de type supercapacité pour accumuler de l'énergie
pendant les phases de décélération. Il faut donc comprendre dans
cette demande le terme « batterie d'accumulation électrique » au
sens large puisqu'il englobe des systemes de stockage de type
supercapacité.

Le systtme selon l'invention permet de réduire la
consommation globale en carburant du véhicule, de prolonger la
durée de vie de la premiere batterie, et, dans le cas ou on utilise
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comme seconde batterie une batterie au lithium reconditionnée, de
réduire le colit et I'empreinte écologique du systéme.

11 est a noter que le concept d'utilisation de deux batteries
pour des usages différents peut étre élargi a plus de deux batteries.
En effet il est enviseageable d'utiliser également une troisieéme
batterie connectée au réseau de bord par l'intermédiaire d'un
convertisseur CC/CC et d'un commutateur, ce commutateur étant
fermé en mode « parking » c'est-d-dire moteur arrété, pour fournir
I'énergie électrique nécessaire aux consommateurs du réseau de
bord. Avantageusement cette troisieme batterie est constituée de
modules récupérés d'une batterie de traction de véhicule électrique,
bénéficie des meilleurs points de rendement du moteur et de
l'alternateur pour €tre rechargée (par exemple en décélération, de la
méme maniere que la deuxiéme batterie au lithium), et bénéficie
d'un systéme de recharge complémentaire tel qu'un panneau solaire.

De méme la premiere batterie plomb utilisée pour le
démarrage du véhicule, peut €tre connectée au réseau de bord par
I'intermédiaire d'un commutateur, permettant de spécialiser encore
plus son utilisation : ce commutateur est par exemple fermé
seulement au démarrage, et sur les meilleurs points de rendement du
moteur et de l'alternateur lorsque son état de charge est en dessous
d'un certain seuil.

Il est a noter que l'utilisation d'un commutateur entre d'une
part une premicre batterie et le réseau de bord et d'autre part une
deuxiéme batterie et le réseau de bord permet d'utiliser pour ces
deux batteries des batteries plomb identiques connectées en
parallele de l'alternateur sans CC/CC intermédiaire tout en leur
attribuant un rdle spécifique (démarrage pour l'une, consommation
du réseau de bord pour l'autre) et en les faisant recharger aux
meilleurs points de rendement du moteur et de l'alternateur.
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REVENDICATIONS

1. Systtme (1) d'alimentation en énergie électrique d'un
véhicule, comprenant :

-un réseau (2) a courant continu, d'au moins un organe (6)
consommateur électrique, apte a €tre alimenté dans une gamme de
tensions inférieure ou égale a une tension maximale de réseau
(Vmax_réseaun),

-une premicre  batteric  (4)  d'accumulation  ¢lectrique
connectée au réseau (2), et présentant une premiére tension
maximale a vide (VOmax_Battl) inférieure a la tension maximale de
réseau (Vmax_réseau),

-une seconde batterie (7) d'accumulation  électrique
connectée au réseau (2), présentant une seconde tension maximale a
vide (VOmax_Batt2), supérieure a la tension maximale a vide de la
premicre batterie (VOmax_Battl), et une tension minimale a vide
acceptable (VOmini_Batt2) inférieure a la tension maximale de
réscau (Vmax_réscau),

-un alternateur (3) pilotable connecté au réseau (2), et apte a
délivrer a la seconde batterie (7) une énergie électrique sous une
tension de consigne pilotable a différentes valeurs de consigne
(Valt_basse, Valt_haute),

caractérisé en ce que le systtme comprend en outre une unité
de gestion électronique  (10), configurée pour imposer a
l'alternateur (3) lors du roulage du véhicule, successivement au
moins deux tensions de consigne différentes, a savoir une tension
basse d'alternateur (Valt_basse) qui est strictement supérieure a la
premicre tension maximale a vide de la premicre batterie
(VOmax_Battl), et une tension haute d'alternateur (Valt haute) qui
est strictement supérieure a la fois a la tension minimale a vide de
la seconde Dbatterie (VOmini_Batt2), et a la tension basse
d'alternateur (Valt_basse).

2. Systéme selon la revendication 1, comportant en outre un
transformateur de tension (8) de type CC/CC apte a abaisser la
tension délivrée par la seconde batterie (7) au réseau, et dans lequel
la seconde tension maximale a vide (VOmax_Batt2) de la seconde
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batterie (7) est supérieure a la tension maximale de réseau
(Vmax_réseau).

3. Systeme selon la revendication 2, dans lequel le
transformateur de tension (8) est bidirectionnel, et est apte a
alimenter la seconde batterie (7) a une tension supérieure a la
tension maximale du réseau (Vmax réseau) quand l'alternateur (3)
débite un courant sous la tension haute d'alternateur (Valt haute).

4. Systeme selon I'une des revendications précédentes, dans
lequel la premicre batterie (4) est unc batterie au plomb, et la
seconde batterie (7) est une batterie au lithium.

5. Systéme selon l'une des revendications précédentes, dans
lequel 'unité de gestion électronique (10) est configurée pour ouvrir
un interrupteur (11) de la seconde batterie (7) quand le moteur du
véhicule est arrété et, si la tension de la premiére batterie (4) passe
sous un premier seuil et simultanément la tension de la seconde
batterie est au dessus d'un second seuil, pour refermer cet
interrupteur (11) pendant une période prédéterminée  avant
d'effectuer le prochain démarrage du véhicule.

6. Procédé de gestion d'un véhicule automobile équipé d'une
premiere batterie (4) et d'une seconde batterie (7) d'alimentation en
énergie électrique, les deux batteries présentant des tensions
maximales a vides (VOmax_Battl2, VOmax_Batt2) différentes et
étant connectées a un méme alternateur (3) et a un méme réseau
électrique a courant continu du véhicule (2), caractérisé en ce que
l'on impose une tension basse d'alternateur (Valt basse) pendant des
premiéres phases de roulage du véhicule, et 'on impose une tension
haute d'alternateur (Valt_haute) plus élevée que la tension basse
d'alternateur pendant des secondes phases de roulage du véhicule
telles que des phases de freinage récupératif, moins consommatrices
en carburant que les premiéres phases.

7. Procédé selon la revendication 6, dans lequel on impose la
tension haute d'alternateur (Valt haute) quand le véhicule est en
phase de décélération récupérative, et on impose la tension basse
d'alternateur (Valt basse) quand le véhicule est dans une phase
d'accélération du moteur.

8. Procédé selon les revendications 6 a 7, dans lequel on
impose une tension intermédiaire d'alternateur (Valt Mid),
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strictement supérieure a la tension basse d'alternateur (Valt basse)
et inférieure ou égale a la tension haute d'alternateur (Valt_ haute),
quand un niveau de charge de la seconde batterie (7) devient
inférieur a une charge seuil, et/ou quand un certain mode de roulage
du véhicule autre que la décélération, est détecté, et/ou si le courant
délivré par la seconde batterie (7) au réseau dépasse un certain
seuil.
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Un systéme d'alimentation en énergie €lectrique d'un véhicule. comprend: -un réseau d'organes consommateurs électriques. apte a
étre alimenté dans une gamme de tensions inférieure ou égale a une tension maximale de réseau (Vmax_réseau). -une premiére
batterie d'accumulation électrique counectée au réseau. el présentant une premiére tension maximale a vide (VOmax_Battl) infé-
rieure 4 la tension maximale de réseau (Vmax_réseau). -une seconde batterie d'accumulation éleciique connectée au réseau, pré-
sentant une seconde tension maximale a vide (VOmax_Batt2), supérieure a la tension maximale a vide de la premiere batterie (VO -
max_Battl), et une tension minimale a vide acceptable (VOmini_Batt2) inférieure a la tension maximale de réseau (Vmax_réseau),
-un alternateur pilotable connecté au réseau. et apte a délivrer a la seconde batterie une énergie élecwrique sous une tension de
consigne pilotable a différentes valeurs de consigne (Valt_basse, Valt_haute). Le systéme comprend en ouwe une unité de gestion
électronique, configurée pour imposera l'alternateur lors du roulage du véhicule, successivement au moins deux tensions de
consigne différentes, a savoir une tension basse d'alternateur (Valt_basse) qui est strictement supérieure a la premiere tension
maximale a vide de la premiere batterie (VOmax_Battl). et une tension haute d'alternateur (Valt_haute) qui est strictement supé -
ricurc a la fois a la tension minimalce a vide dc la scconde batteric (VOmini_Batt2), ct ala tension bassc d'alternatcur (Valt_bassc
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1

PROCEDE DE RECHARGEMENT D'UN COUPLE DE
BATTERIES DE VEHICULE DE TENSIONS NOMINALES
DIFFERENTES, ET SYSTEME ASSOCIE

L'invention se rapporte aux systemes d'alimentation
électrique de véhicules automobiles a propulsion par un moteur
thermique ou a propulsion hybride thermique-électrique, et
notamment aux systémes d'alimentation électrique comprenant
plusieurs batteries de types différents.

On peut en effet souhaiter utiliser différents types de
batteries en parallele afin de tirer parti par exemple de la bonne
capacité d'une batterie au plomb a fournir de l'énergie pour un
démarrage a froid, et de la forte énergie spécifique ainsi que de la
plus grande endurance en terme de cycles de charge et de décharge
d'une batterie de type lithium-ion.

La demande de brevet US 2011 00 1352 décrit ainsi un
systeme ol les deux types de batteries sont présentes, les tensions a
vide et les résistances internes des deux batteries étant choisies de
maniere a ce que, pour une tension d'alternateur constante, ce soit
de maniere préférentielle la batterie au lithium qui se décharge puis
se recharge, la batterie au plomb subissant ainsi un moindre nombre
de cycles de charge et de décharge.

L'utilisation de la batterie au plomb est alors réservée de
maniere préférentielle aux phases de démarrage du véhicule.

Pour permettre d'obtenir une telle configuration, la tension
maximale a vide de la batterie au lithium doit rester relativement
proche de la tension maximale a vidc de la batterie au plomb. La
capacité énergétique maximale de la batterie au lithium s'en trouve
donc limitée.

Un tel systtme permet d'augmenter la durée de vie de la
batterie au plomb, mais oblige a limiter les performances des
batteries au lithium utilisées. En outre, la tension constante de
l'alternateur doit €étre choisie suffisamment élevée pour permettre de
recharger simultanément la batterie au plomb et la batterie au
lithium, ce qui induit une surconsommation de carburant par rapport
a un systéeme muni uniquement d'une batterie au plomb.
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L'invention a pour but de proposer un systéme
d'alimentation électrique d'un véhicule comprenant deux batteries,
ce systetme permettant non seulement d'augmenter la durée de vie de
la batterie au plomb, mais également de réduire la consommation
moyenne en carburant du véhicule.

A cet effet, un systéme d'alimentation en énergie électrique
d'un véhicule, comprend :

-un réseau a courant continu, d'au moins un organe
consommateur €lectrique, aptc a €tre alimenté dans unc gamme de
tensions inférieure ou égale a une lension maximale de réseau,

-une premiére batterie d'accumulation électrique connectée
au réseau, et présentant une premiére tension maximale a vide
inférieure a la tension maximale de réseau,

-une seconde batterie d'accumulation électrique connectée au
réseau, présentant une seconde tension maximale a vide, supérieure
a la tension maximale a vide de la premicre batterie, et une tension
minimale a vide acceptable inférieure a la tension maximale de
réseau,

-un alternateur pilotable connecté au réseau, et apte a
délivrer a la seconde batterie une énergie électrique sous une
tension de consigne pilotable a différentes valeurs de consigne.

Le systtme comprend en outre une unité de gestion
électronique, configurée pour imposer a l'alternateur lors du roulage
du véhicule, successivement au moins deux tensions de consigne
différentes, a savoir une tension basse d'alternateur qui est
strictement supérieure a la premiére tension maximale a vide de la
premiére batterie, et une tension haute d'alternateur qui est
strictement supérieure a la fois a la tension minimale a vide de la
seconde batterie, et a la tension basse d'alternateur. Selon certaines
variantes de réalisation, 1'alternateur peut étre un systéme
d'alternateur comprenant un alternateur associé a un transformateur
CC/CC  (courant continu/courant  continu, encore  appelé
« DC/DC converter» en anglais). L'alternateur peut alors étre
pilotable lui-méme en tension. Selon un autre mode de réalisation,
la tension de consigne peut étre pilotable en modifiant uniquement
la consigne du transformateur CC/CC, l'alternateur n'étant pas
pilotable en (ension. Selon encore un autre mode de réalisation, la
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tension de consigne peut étre pilotable en modifiant a la fois la
tension délivrée par lalternateur et la consigne du transformateur
CC/CC.

Selon un mode de réalisation amélioré, le systéme comporte
en outre un transformateur de tension de type CC/CC apte a abaisser
la tension délivrée par la seconde batterie au réseau. La seconde
tension de fonctionnement a charge compléte de la seconde batterie
peut alors étre supérieure a la tension maximale de réseau.

Avantageusement le transformateur de tension  est
bidirectionnel, et est apte a alimenter la seconde batlerie a une
tension supérieure a la tension maximale du réseau quand
l'alternateur débite un courant sous la tension haute d'alternateur.

La premicre batterie peut €tre une batterie au plomb, et la
seconde batterie peut &tre une batterie au lithium, en particulier une
batterie de type lithium-ion. La seconde batterie peut également éEtre
une batterie au plomb (classique ou au plomb renforcé ou encore
VRLA d'aprés l'anglais « Valve Regulated Lead Acide Battery ») de
caractéristiques différentes de la premiére batterie.

L'unité de gestion électronique peut étre configurée pour
ouvrir un interrupteur de la seconde batterie quand le véhicule est
dans un mode parking, c'est-a-dire moteur arrété, et peut étre
configurée, si la tension de la premiere batterie passe sous un
premier seuil et simultanément la tension de la seconde batterie est
au dessus d'un second seuil, pour refermer cet interrupteur pendant
une période prédéterminée avant d'effectuer le démarrage suivant du
véhicule. Cette période prédéterminée permet de recharger
partiellement la premiére batterie.

Selon un autre aspect, dans un procédé de gestion d'un
véhicule automobile équipé d'une premiere batterie et d'une seconde
batterie d'alimentation en énergie électrique, les deux batteries
présentant des tensions maximales a vides différentes et étant
connectées a un méme alternateur et & un méme réseau électrique a
courant continu du véhicule, on impose une tension basse
d'alternateur pendant des premicres phases de roulage du véhicule,
et I'on impose une tension haute d'alternateur plus €levée que la
tension basse d'alternateur pendant des secondes phases de roulage
du véhicule telles que des phases de freinage récupératif, moins
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consommatrices en carburant que les premieres phases. Les
premieres phases de roulage correspondent a des phases de roulage
hors décélération. Avantageusement, ce procédé peut étre appliqué a
un véhicule automobile ol la premiére batterie, la seconde batterie
et 'alternateur sont branchés en paralléle.

De maniere préférentielle, on impose la tension haute
d'alternateur quand le véhicule est en phase de décélération
récupérative, et on impose la tension basse d'alternateur quand le
véhicule est dans une phase d'accélération du moteur.

On peut imposer une tension intermédiaire d'alternateur,
strictement supérieure a la tension basse d'alternateur et inférieure
ou égale a la tension haute d'alternateur, quand un niveau de charge
de la seconde batterie devient inférieur a une charge seuil, et/ou
quand un certain mode de roulage du véhicule autre que la
décélération, est détecté, et/ou si le courant délivré par la seconde
batterie au réseau dépasse un certain seuil. Le niveau de la tension
intermédiaire d'alternateur peut étre différent dans les différents cas
cités.

On peut par exemple alimenter la seconde batterie a l'aide
d'un transformateur CC/CC en amenant la tension aux bornes de la
batterie a une valeur comprise entre 15V et 17V pendant les phases
de décélération récupérative du véhicule.

Le systtme peut comprendre des panneaux solaires
embarqués sur le véhicule, et connectés au réseau.

Le systtme peut également comprendre une prise électrique
adaptée pour un rechargement de la seconde batterie sur un réseau
extérieur au véhicule.

Selon un mode de réalisation préféré, la seconde batterie
peut étre une batterie au lithium reconditionnée ayant déja servi a
fournir de 1'énergie de propulsion automobile. Typiquement la
seconde batterie au lithium est composée de deux modules « usés »
d'une batterie de traction pour véhicule électrique, c'est-a-dire dont
I'état de charge est compris entre 70% et 80% de leur capacité
initiale. Le systéme selon l'invention utilise ces modules dans une
plage de tension correspondant a un état de charge compris entre 5%
et 30% de leur capacité initiale. Pour ne pas décharger ces modules
en deca de leur état de charge d'utilisation, un commutateur est
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placé entre la batterie au lithium et le reste du systéme, ce
commutateur étant ouvert dés que 1'état de charge de la batterie
atteint un état de charge de 5% et n'est plus rechargée par le
systeme selon l'invention, donc typiquement en mode « parking »,
c'est-a-dire lorsque le moteur du véhicule est arrété.

L'unité de gestion électronique peut par exemple Etre
configurée pour imposer une tension basse d'alternateur qui est
inférieure ou égale a 1,05 fois la tension maximale a vide de la
premiere batterie, voire inférieure a 1,035 fois la tension maximale
a vide de la premiere ballerie.

La tension basse d'alternateur peut par exemple Etre
comprise entre 12,8 et 13,5V, et la tension haute d'alternateur peut
étre comprise entre 14 et 15V.

Selon un mode de réalisation avantageux, on peut alimenter
la seconde batterie a l'aide d'un transformateur CC/CC en amenant
la tension aux bornes de la batterie a une valeur comprise entre 15V
et 17V pendant les phases de décélération récupérative du véhicule.

D'autres buts, caractéristiques et avantages de l'invention
apparaitront a la lecture de la description suivante, donnée
uniquement a titre d'exemple nullement limitatif, et faite en
référence aux dessins annexés, sur lesquels :

- la figure 1 est une représentation schématique d'un

systeme d'alimentation selon l'invention,

- la figure 2 est un graphique représentant les
niveaux relatifs de différentes tensions intervenant
dans le fonctionnement du systeme d'alimentation
de la figure 1,

- la figure 3 est un algorithme illustrant un mode de
gestion possible du systeme d'alimentation de Ia
figure 1.

Tel qu'illustré sur la figure 1, un systeme 1 d'alimentation
électrique d'un véhicule comprend un réseau électrique 2, un
alternateur 3, une premiere batterie 4, par exemple une batterie au
plomb, une seconde batterie 7, par exemple une batterie de type
lithium-ion, et une unité de gestion électronique 10. La seconde
batterie 7 est munic dun interrupteur 11 permettant de la
déconnecter du réseau 2. L'alternateur 3 est apte a converlir de
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I'énergie mécanique prélevée sur un arbre relié a un moteur
thermique (non représenté) en énergie électrique envoyée sur le
réseau €lectrique 2.

Sur le réseau électrique 2 sont disposés des consommateurs
électriques 6, comme par exemple un dispositif de climatisation, des
moyens d'éclairage et des moyens de chauffage. L'alternateur 3 est
connecté aux bornes de la premicre batterie 4. La seconde batterie 7
est connectée en parallele a la premiére batterie 4. Les
consommateurs €électriques 6 sont branchés en paralleéle sur le réseau
2. Le réseau 2 comprend une mise a la masse 5 sur le chissis du
véhicule. Le réseau 2 alimente également un démarreur apte a lancer
le moteur thermique du véhicule afin d'initier le premier cycle de
combustion.

Selon les variantes de réalisation, la seconde batterie 7 peut
étre reliée a un transformateur CC/CC 8 connecté en série a la
batterie 7, de maniére a ce que la tension aux bornes de la seconde
batterie 7 puisse €tre plus élevée que la tension maximum du réseau
2.

Dans les variantes de réalisation ou la seconde batterie 7 est
associée a un transformateur de type CC/CC 8, des moyens de
production d'énergie tels que des panneaux solaires 9 peuvent étre
branchés aux bornes de la seconde batterie 7, ce qui autorise la
tension maximale délivrée par ces panneaux solaires 9 a étre plus
élevée que la tension maximum du réseau 2. L'unité de gestion
€lectronique est reliée a l'alternateur 3, auquel elle est apte a
imposer une tension de consigne variable et notamment, auquel elle
est apte a imposer deux valeurs distinctes de valeurs de consigne,
une premiére valeur notée Vall basse et une seconde valeur notée
Valt_haute plus élevée que la premicre valeur.

L'unité de gestion électronique 10 est également reliée a
l'interrupteur 11 qui, peut étre de type mécanique-
électromagnétique, ou de type €lectronique, par exemple sous forme
d'un transistor. En ouvrant linterrupteur 11, l'unité de gestion
électronique 10 peut déconnecter la seconde batterie 7 du réseau, et
éviter une décharge intempestive de cette seconde batterie 7.

La premiére batterie, notamment si la premicre batterie est
une batterie au plomb, peut étre utilisée de maniére préférentielle au
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moment des démarrages du moteur thermique du véhicule, pour
alimenter un démarreur. L'unité de gestion électronique 10
déconnecte la seconde batterie 7 (par exemple une batterie lithium,
et plus précisément de type lithium-ion) a l'aide de l'interrupteur
11, dés que le véhicule est en mode « parking ». On évite de cette
maniére de décharger la batterie 7. La seconde batterie 7 reste alors
déconnectée du réseau jusqu'a ce que le prochain démarrage du
moteur du véhicule ait été effectué.

Les batteries au plomb ont en effet une excellente capacité
de démarrage a froid, et c'est donc la premiere batlerie 4 au plomb
qui est utilisée au moment du démarrage du moteur thermique du
véhicule.

Les batteries au lithium ont une meilleure endurance en
terme de cyclages, et c'est donc la seconde batterie qui est utilisée
pour alimenter le réseau de bord du véhicule pendant le roulage du
véhicule. La tension du réseau c'est-a-dire la tension mesurable
entre les bornes de la premicre batterie 4, est imposée par celui des
trois €léments, parmi l'alternateur 3, la premiere batterie 4 et la
deuxiéme batterie 7 éventuellement associée a un transformateur
CC/CC, qui présente entre ses deux bornes la tension la plus élevée.

Par « bornes » de chacun des éléments, on entend les deux
points de connexion de cet élément au réseau 2.

Dans le cas ou le systeme inclut un transformateur CC/CC 8,
connecté comme décrit sur la figure 1, on entend par tension aux
bornes de l'ensemble [seconde batterie 7, transformateur CC/CC 8],
la tension entre les deux points de connexion de cet ensemble, au
réseau 2.

Quand l'alternateur 3 ne lourne pas, par exemple au moment
du démarrage du véhicule, et que la seconde batterie 7 est
déconnectée au moyen de linterrupteur 11, c'est la premiere
batterie 4 qui impose la tension sur le réseau 2.

Quand le véhicule roule et que l'alternateur 3 fonctionne, on
choisit de piloter la consigne de tension de l'alternateur 3 au dessus
de la tension maximale a vide de la premicre batterie 4. De cette
maniére, ce n'est pas la premicre batterie 4 qui fournit l'énergie
électrique du circuit 2. Selon que la tension de l'alternateur 3 est
plus élevée ou plus basse que la tension de la seconde batterie 7, ce

EXHIBIT 1002
Page 1478 0f 2235 petitioner ADC (IPR2024-00577)



10

15

20

30

35

WO 2012/160292 PCT/FR2012/051081

sera alors soit l'alternateur 3, soit la seconde batterie 7, soit les
deux simultanément, qui fourniront 1'énergie électrique du réseau 2.

Dans le cadre de l'invention, on choisit une seconde
batterie 7 dont la tension maximale a vide est suffisamment
supérieure a la tension maximale a vide de la premiére batterie 4, de
maniére a pouvoir 1imposer alternativement deux modes de
fonctionnement. Dans le premier mode de fonctionnement, Ila
tension d'alternateur est {ixée a une valeur basse « Valt_basse », qui
est supérieure a la tension a vide maximale de la premiére batterie
« VOmax battl », elle-méme inférieure a la t(ension maximale
tolérée par le réseau « Vmax réseau ». La tension d'alternateur
« Valt_basse » est inférieure a la tension maximale a vide de la
seconde batterie 7 « VOmax_batt2 ». Dans un second mode de
fonctionnement, la tension d'alternateur est égale a une valeur haute
de tension d'alternateur « Valt haute », qui est supérieure a la
tension basse d'alternateur, tout en restant inférieure a la tension
maximale tolérée par le réseau.

Pe cette maniére, quand lalternateur 3 est régulé pour
délivrer la tension basse d'alternateur, el que la seconde batterie 7
est suffisamment chargée pour que sa tension soit supérieure a la
tension basse d'alternateur, c'est la seconde batterie 7 qui fournit
I'énergie  électrique au réseau 2. Quand, dans ce mode de
fonctionnement, la tension de fonctionnement de la seconde batterie
7 descend au niveau de la tension basse d'alternateur, une partie de
I'énergie électrique du réseau 2 est fournie par la seconde batterie 7,
et une partie de 1'énergie électrique est fournie par l'alternateur 3.

Quand T'unité de gestion électronique 10 impose le second
mode de fonctionnement, ou c'est la tension haute d'alternateur qui
est imposée, si la tension a vide de la seconde batterie est inf€rieure
a la tension haute d'alternateur, c'est alors l'alternateur qui fournit
I'énergie électrique au réseau et qui fournit simultanément une
énergie permettant la recharge de la seconde batterie 7.

Si aucun autre moyen que l'alternateur 3 n'est prévu pour
recharger la seconde batterie 7, la seconde batterie 7 pourra donc se
recharger pendant les phases ou c'est la tension haute d'alternateur
qui est imposée, et pourra fournir de I'énergie au réseau tant que sa
lension restera supérieure a la tension basse d'alternateur, pendant
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les phases ou l'unité de gestion électronique 10 impose la tension
basse d'alternateur.

On impose de préférence une tension basse d'alternateur tout
juste supérieure a la tension maximale a vide de la premiére
batterie, de maniére a ce que, pendant les phases ou la tension basse
d'alternateur est imposée, l'alternateur préleéve le moins possible
d'énergie mécanique sur l'arbre moteur entrainé par le moteur
thermique. L'alternateur ne crée ainsi qu'une surconsommation
limitée de carburant, tout en assurant que la premiére batterie reste
constamment chargée a son niveau maximal.

Dans le premier mode de fonctionnement, tant que la seconde
batterie 7 est suffisamment chargée (c'est-a-dire tant que sa tension
est supérieure a la tension basse d'alternateur), c'est la seconde
batterie 7 qui fournit 1'énergie électrique au réseau 2.

Les phases ou I'on impose la tension haute d'alternateur en
vue de recharger la seconde batterie 7, sont de préférence les phases
de roulage a faible colit en carburant, par exemple les phases de
décélération récupérative, c'est-a-dire si le véhicule est dans un
mode de décélération permettant d'atiliser le frein moteur, et
d'utiliser une partie de I'énergie mécanique de l'arbre moteur pour
faire tourner I'alternateur. Il suffit par exemple pour cela que la
consigne a la pédale du véhicule corresponde a une phase de
décélération moteur.

Une partie de I'énergie cinétique de freinage du véhicule sert
alors a recharger la seconde batterie 7. Cette énergie récupérée
pendant les phases de freinage permet ensuite d'économiser du
carburant, en limitant la tension d'alternateur imposée pendant les
phases de roulage correspondant au premier mode de
fonctionnement.

La figure 2 illustre un exemple de positionnement relatif des
différentes valeurs de tensions mentionnées précédemment dans la
description du systeme d'alimentation électrique 1. Les différents
niveaux représentés sur la figure 2 illustrent la tension minimale a
vide de la premicre batterie 4 soit VOmini_battl , la tension
maximale a vide de la premiére batterie 4 soit VOmax_ battl , la
tension minimale a vide VOmini_batt2 de la seconde batterie 7, la
tension maximale a vide VOmax_batt2 de la seconde batterie, la
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tension  basse d'alternateur  Valt basse, 1la tension haute
d'alternateur Valt_ haute et la tension maximale Vmax réseau que le
réseau 2 est capable de supporter sans étre endommagé.

De maniére typique, si I'on fonctionne avec une batterie au
plomb comme premicre batterie 4, et avec, comme seconde batterie,
une batterie de type lithium-ion issue de la récupération de batteries
lithium-ion ayant servi a propulser des véhicules élecwiques ou
hybrides, la tension minimale a vide VOmini_battl de la premicre
battcric au plomb cst de l'ordrc de 12 volts, et corrcspond
sensiblement a la tension minimale a vide VOmini_batt2 de la
seconde batterie au lithium, ou est un peu inférieure.

La tension maximale a vide VOmax_ battl de la premiére
batterie au plomb est de l'ordre de 12,8 volts, et la tension basse
d'alternateur Valt basse que l'on impose pour étre juste au dessus
de cette tension maximale a vide est de l'ordre de 13,2 volts.

L.a tension maximale a vide VOmax_batt2 de la seconde
batterie au lithium peut étre de l'ordre de 16,8 volts, et la tension
hautc d'altcrnatcur Valt_hautc de l'ordrc de 15 volts afin de rcster
en dessous de la valeur maximale acceptée par le réseau
Vmax réseau, qui elle, est de l'ordre de 16 volts.

I1 est envisageable d'utiliser d'autres types de batterie pour
la premiére et pour la seconde batterie, et la tension maximale de la
seconde batterie n'est pas obligatoirement supérieure a la tension
maximale du réseau. La tension basse d'alternateur doit de
préférence étre supérieure a la tension maximale a vide de la
premicre batterie. On pourrait éventuellement envisager un mode de
réalisation ou la tcnsion bassc d'altcrnatcur scrait trés 1égérement
inférieure a la tension maximale a vide de la premiére batterie, mais
on imposerait alors inutilement des cycles de charge et de décharge
a la premicre batterie en réduisant la durée de vie de celle-ci.

La tension maximale de la seconde batterie devra &tre
obligatoirement supérieure a la tension maximale a vide de la
premicre batterie, de manicére a pouvoir définir une valeur de
tension basse d'alternateur entre ces deux valeurs de tension
maximale a vide des deux batteries.

La tcnsion hautc d'altcrnatcur pcut ¢&tre égalc, voirc
supérieure a la tension maximale a vide de la seconde batterie, par
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exemple si la tension maximale de la seconde batterie est inférieure
a la tension maximale tolérée par le réseau.

La tension minimale a vide de la seconde batterie doit Etre
inférieure a la tension haute d'alternateur afin de permettre une
charge au moins partielle de la seconde batterie 7 pendant les phases
de fonctionnement avec la tension haute d'alternateur.

La seconde batterie 7 peut étre rechargée, outre pendant les
phases ou l'alternateur (ourne a sa valeur de lension élevée, par des
moycns de production électriques supplémentaires tels que les
panneaux solaires 9. Dans le cas ou la tension maximale a vide de la
seconde batterie est inférieure a la tension maximale tolérée par le
réseau, ou dans le cas ou le systtme comprend un transformateur
CC/CC apte a abaisser la tension délivrée par la seconde batterie a
une tension inférieure a la tension maximale tolérée par le réseau,
on peut également envisager de recharger la seconde batterie 7 sur
un réseau extérieur au véhicule, par exemple sur une aire de
stationnement.

La tension maximale a vidc de la seconde batterie 7, c'est-a-
dire VOmax_ball2, peut élre inférieure ou supérieure a la (ension
maximale acceptée par lc réseau 2. Si la tension maximale a vide de
la seconde batterie est supérieure a la tension maximale acceptée par
le réseau Vmax réseau, selon une premiere variante de réalisation,
on exploite la seconde batterie 7 sur une partie seulement de son
domaine de fonctionnement c'est-a-dire par exemple entre la tension
basse d'alternateur et la tension haute d'alternateur.

Selon une seconde variante de fonctionnement, on peut
exploiter la seconde batterie 7 sur un domaine plus large, par
exemple entre la tension basse d'alternateur et la tension maximale
a vide acceptée par la seconde batterie 7, si par exemple lc systeme
est muni d'un transformateur CC/CC 8, apte a abaisser la tension
délivrée par la seconde batterie 7 de maniere a l'amener a une
valeur inférieure ou égale a la tension maximale tolérée par le
réseau.

Dans ce cas, on peut par exemple envisager de charge la
seconde batterie 7 a sa tension maximale a vide a partir d'un réseau
extérieur au véhicule, quand le véhicule est a l'arrét. On utilise
ensuite cette réserve d'énergie pendant le roulage du véhicule en la
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complétant par une recharge partielle de la batterie a une tension
haute d'alternateur quand le véhicule est en décélération
récupérative.

Si le transformateur CC/CC est bidirectionnel, on peut méme
envisager de charger la seconde batterie a sa tension maximale a
vide en élevant la tension aux bornes de la seconde batterie 7 par
rapport a la tension haute d'alternateur pendant les phases de
décélération récupérative.

Par sécurité, afin d'évitcr une déchargc méme particllc de la
premicre batterie 4, la tension basse d'alternateur est choisie
légerement supérieure a la tension maximale a vide de la premicre
batterie 4.

La tension minimale a vide de la seconde batterie 7 est de
préférence inférieure a la tension basse d'alternateur de manicre a
ce que, lorsque le véhicule est dans un mode de roulage ou la
tension basse d'alternateur est imposée par 1'unité de gestion
¢lectronique 10, [I'énergie  fournie par l'alternateur  vienne
automatiquecment compléter I'éncrgic  fournic par la sccondc battcric
7 lorsque la tension de celle-ci vient a baisser. On ¢évite ainsi que la
tension de la seconde batterie 7 puisse descendre a la tension
minimale tolérée VOmini_batt2.

On pourrait envisager des variantes de réalisation ou la
tension minimale a vide de la seconde batterie serait supérieure a la
tension basse d'alternateur, mais il faut pour une telle variante que
l'unité de gestion électronique 10 impose une tension haute
d'alternateur avant que la tension de la seconde batterie 7 ne
descende en dessous de sa valeur minimale. I] faut, dans tous les
cas, que la tension minimale a vide de la seconde batterie 7 soit
inférieure a la tension haute d'alternateur.

La tension basse d'alternateur est de préférence inférieure a
la tension maximale a vide de la seconde batterie 7. Elle est aussi
proche que possible, par valeur supérieure, de la tension maximale a
vide de la premiére batterie, tout en gardant une marge d'écart afin
d'étre stir que l'alternateur régulé en tension basse d'alternateur
reste au dessus de cette valeur minimale VOmax_battl .

Il est avantageux d'utiliser une seconde batterie 7 dont la
tension maximale a vide VOmax_batt2 est supérieure a la tension
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maximale Vmax réseau du réseau 2, ce qui permet, pour choisir les
valeurs de la tension basse d'alternateur et de la tension haute
d'alternateur, de disposer de tout l'intervalle de tension compris
entre la tension maximale a vide de la premi¢re batterie
VOmax_battl et la tension maximale acceptée par le réseau
Vmax_réseau.

On se trouve en particulier dans cette configuration lorsque
l'on a un réseau 2 du véhicule dont la tension maximale acceptable
cst de l'ordrc de 15 & 16 volts, et que l'on utilisc comme prcmicre
batterie 4 une batterie au plomb, dont la tension maximale a vide est
d'environ 12,8 volts, et une batterie lithium-ion pour la seconde
batterie 7, par exemple une batterie lithium-ion reconditionnée suite
a une utilisation pour la propulsion de véhicule électrique. Une telle
batterie reconditionnée présente par exemple une tension maximale
a vide de lordre de 16,8 volts et une tension minimale a vide
acceptable voisine de 12 volts.

Outre le basculement a une tension d'alternateur haute
pendant les phascs de décélération du véhicule, des stratégics
complémentaires implémentées dans l'unité de gestion électronique
10 peuvent étre définies, afin d'éviter une décharge excessive de la
seconde batterie 7 dans les cas de figure ou les phases de
décélération récupérative ne sont pas suffisamment fréquentes et/ou
suffisamment prolongées.

On peut alors choisir d'imposer une tension d'alternateur
intermédiaire enwe la tension basse d'alternateur et la tension haute
d'alternateur, c'est-a-dire strictement supérieure a la tension basse
d'altcrnatcur et inféricurcs ou égalecs a la tension hautc
d'alternateur. Une ou plusieurs tensions intermédiaires peuvent
ainsi étre imposées pendant certaines phases de roulage qui peuvent
laisser supposer que les prochaines décélérations sont éloignées
dans le temps. Ces phases de roulage peuvent comprendre des modes
de roulage de type autoroutier. Une ou plusieurs tensions
intermédiaires peuvent également étre imposées pour des modes de
roulage préprogrammés dans l'unité de gestion électronique parce
que le point de fonctionnement du moteur, pour ces modes de
roulage, correspond d une consommation en carburant moins élevée
que pour d'autres modes de roulage.
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Le basculement vers une tension intermédiaire d'alternateur
peut également €tre conditionné par la détection simultanée d'un
mode de roulage donné, et d'un état de charge inférieur ou égal a un
état de charge seuil de la seconde batterie 7.

La figure 3 illustre un algorithme 1 qui peut étre implanté
dans l'unité de gestion électronique 10 d'un systéme d'alimentation
en énergie selon l'invention. A un instant initial 21, correspondant
par exemple a la mise en service du véhicule ou a sa remise en
service aprés un changement de batteries, 1'unité de gestion
électronique 10 teste, a une élape 22, si le véhicule est en mode
parking.

Si c'est le cas, I'unité de gestion électronique 10 déconnecte,
si ce n'est déja fait, la seconde batterie 7 du réseau 2 a l'aide de
l'interrupteur 11, a une étape 23.

Elle teste ensuite a une étape 24, si la tension aux bornes de
la seconde batterie 7 est descendue en dessous d'une tension Vmin
qui peut, par exemple, étre égale a la tension minimale a vide
VOmini_batt2 de la seconde batterie, ou €tre une valeur légérement
supérieure a cette tension minimale a vide.

Si la tension mesurée est inférieure a la tension seuil Vmin,
l'unité de gestion électronique 10 affiche un message d'alerte
avertissant le conducteur qu'il doit changer la seconde batterie 7. a
une étape 25. Si la tension est supérieure a la tension seuil Vmin,
I'unité de gestion électronique retourne a l'étape 22.

Quand le test 22 indique que le véhicule n'est plus en
configuration de parking, l'unité de gestion électronique 10 teste a
une étape 26 la santé de la seconde batterie 7. Ce test de santé peut
par exemple consister a vérifier si le nombre de cycles de charges et
de décharges déja subies par la seconde batterie 7 est inférieur a un
nombre seuil Nmax de charges et de décharges, si les différentes
cellules de la batterie sont suffisamment équilibrées, et si la tension
aux bornes de la batterie est supérieure ou égale a la tension seuil
Vmin.

Si la réponse est négative, l'unité de gestion électronique 10
affiche le message d'alerte correspondant a 1'étape 25. Si le résultat
du test 26 est positif, 1'unité de gestion électronique effectue un test
27 pour savoir si le moteur thermique du véhicule est actif. Si ce
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n'est pas le cas, I'unité de gestion électronique 10 met en place une
stratégie 28 permettant d'alimenter le réseau 2 soit a partir de la
premiere batterie, soit a partir de la seconde batterie, soit a partir
des deux batteries conjointement, puis retourne a l'étape 22.

Lorsque le test 27 indique que le moteur thermique du
véhicule est actif, l'unité de gestion électronique teste a une étape
29 si le véhicule est dans un mode de décélération récupérative,
c'est-d-dire  si le véhicule est dans un mode de décélération
permettant d'utiliser le frein moteur, cn puisant une partie de
I'énergie  mécanique de l'arbre moteur pour faire (ourner
l'alternateur. 11 suffit par exemple pour cela que la consigne a la
pédale du véhicule corresponde a une phase de décélération moteur.

Si le véhicule est en mode de décélération récupérative,
I'unité de gestion électronique 10 impose a l'alternateur une tension
haute d'alternateur, par exemple 15 volts, a une étape 31, et
continue a boucler sur le test 29 puis sur le pilotage a la tension
haute d'alternateur 31, tant que le véhicule est en décélération.

Si le véhicule n'est pas en décélération récupérative a la
sortie de l'éltape de test 29, l'unité de gestion électronique 10
impose a l'alternateur 3 de fonctionner a la tension basse
d'alternateur, par exemple a 13 volts, a une étape 30.

Suite a l'étape 30, l'unité de gestion électronique 10 teste si
le véhicule et la seconde batterie 7 sont dans une configuration « de
charge forcée ». Une telle configuration de charge forcée peut par
exemple correspondre au cas ol la tension aux bornes de la seconde
batterie 7 descend en dessous d'une valeur seuil Vi et ou
simultanément un compteur de temps Ai, qui comptabilise le temps
écoulé depuis la derniere décélération, passe au dessus d'un seuil
AT,

Dans ce cas de figure, on peut considérer que la tension de la
seconde batterie commence a devenir insuffisante, et que le mode de
roulage détecté n'est pas un mode de roulage ponctué de
décélérations suffisamment fréquentes.

Si ce test 32 révele que l'on se trouve dans la configuration
de marche forcée, l'unité de gestion électronique 10 impose, a une
étape 33, unc régulation de l'alternateur 3 a unc tension Valt Mid
par exemple égale a 14,5 volts, et continue a imposer ce mode de
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charge forcée tant que le niveau de recharge de la batterie testé a
une étape 34 n'a pas atteint un niveau satisfaisant minimal SOC .

Ce niveau de charge minimal peut par exemple étre détecté
par une baisse du courant de recharge entrant dans la seconde
batterie 7.

Quand le test de 1'étape 34 indique que le niveau de recharge
de la seconde batterie est suffisant, l'unité de gestion électronique
10 teste a une étape 35 la santé de la seconde batterie 7, par
exemple en vérifiant que la température de la batterie ne dépasse

pas une température T maximale, en vérifiant que le niveau

max
d'équilibrage entre les différentes cellules est suffisant, ou a défaut
que ce niveau permet encore de rééquilibrer les différentes cellules,
et en vérifiant que la tension V aux bornes de la seconde batterie est
supérieure a la tension seuil V..

Si le niveau de santé détecté a l'étape 35 est insuffisant,
l'unité de gestion électronique 10 affiche le message d'alerte
correspondant a 1'étape 25. Dans le cas contraire, 1'unité de gestion
électronique 10 teste a unc étape 36 si Ics différentes cellules de la
seconde batterie 7 sont suffisamment équilibrées. Si c'est le cas,
l'unité de gestion électronique revient a l'étape de test 22
permettant de vérifier si le véhicule, entre temps, se trouve en mode
parking.

Dans le cas contraire, l'unité de gestion électronique
déclenche un équilibrage des cellules a une étape 37 et retourne
également a 1'étape 22.

L'objet de l'invention ne se limite pas aux exemples de
réalisation décrits et peut faire l'objet de nombreuses variantes,
aussi bien en ce qui concerne l'agencement des différents éléments
du systeme 1, les algorithmes de fonctionnement implantés dans
l'unité de gestion électronique 10 et/ou le choix des types de
batteries ou autres types d'accumulateurs.

La tension basse et la tension haute imposées aux bornes de
la seconde batterie 7, peuvent Etre obtenues soit en régulant la
tension délivrée par l'alternateur a deux niveaux différents, soit en
élevant la tension aux bornes de la seconde batterie a l'aide d'un
transformateur CC/CC. La tension haute peut également &tre
obtenue en élevant a la fois la tension de consigne aux bornes de
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I'alternateur et en transformant cette tension, a l'aide du
transformateur CC/CC, en une tension encore plus élevée aux bornes
de la seconde batterie.

L'algorithme de fonctionnement, dont un exemple est donné
en figure 3, admet de trés nombreuses variantes, notamment en ce
qui concerne la succession des différents tests pour déterminer
quelle tension d'alternateur doit étre imposée a un instant donné, ou
dans la définition d'un ou de plusieurs modes de charge forcée. Ces
modcs de charge forcée peuvent étre définis avec différentes
tensions d'alternateur Valt Mid selon les modes. On peut par
exemple définir différents modes de charge forcée suivant
différentes conditions de niveau de charge de la seconde batterie et
différentes conditions de type de roulage et/ou de point de
fonctionnement du moteur détecté.

Les accumulateurs électriques désignés sous le terme de
premiere et seconde batterie peuvent étre des Dbatteries
d'accumulation de type électrochimique, par exemple une premiere
batterie au plomb et une seconde batterie de type lithium-ion. On
peut également envisager d'utiliser pour la seconde batterie d'autres
types de batteries lithium que les batteries lithium-ion, d'autres
batteries de type électrochimique ou encore un ou plusieurs
supercondensateurs.

L'invention peut étre utilisée pour un systéme d'alimentation
d'un véhicule a propulsion par un moteur thermique. Elle peut
également étre utilisée pour un systeme d'alimentation électrique
d'un véhicule a propulsion hybride thermique électrique. Dans ce
dernier cas, on peut par exemple utiliser une batterie au lithium
comme premiere batterie servant a la fois pour le démarrage du
véhicule et pour la propulsion occasionnelle du véhicule, et une
seconde batterie de type supercapacité pour accumuler de l'énergie
pendant les phases de décélération. Il faut donc comprendre dans
cette demande le terme « batterie d'accumulation électrique » au
sens large puisqu'il englobe des systemes de stockage de type
supercapacité.

Le systtme selon l'invention permet de réduire la
consommation globale en carburant du véhicule, de prolonger la
durée de vie de la premiere batterie, et, dans le cas ou on utilise
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comme seconde batterie une batterie au lithium reconditionnée, de
réduire le colit et I'empreinte écologique du systéme.

11 est a noter que le concept d'utilisation de deux batteries
pour des usages différents peut étre élargi a plus de deux batteries.
En effet il est enviseageable d'utiliser également une troisieéme
batterie connectée au réseau de bord par l'intermédiaire d'un
convertisseur CC/CC et d'un commutateur, ce commutateur étant
fermé en mode « parking » c'est-d-dire moteur arrété, pour fournir
I'énergie électrique nécessaire aux consommateurs du réseau de
bord. Avantageusement cette troisieme batterie est constituée de
modules récupérés d'une batterie de traction de véhicule électrique,
bénéficie des meilleurs points de rendement du moteur et de
l'alternateur pour €tre rechargée (par exemple en décélération, de la
méme maniere que la deuxiéme batterie au lithium), et bénéficie
d'un systéme de recharge complémentaire tel qu'un panneau solaire.

De méme la premiere batterie plomb utilisée pour le
démarrage du véhicule, peut €tre connectée au réseau de bord par
I'intermédiaire d'un commutateur, permettant de spécialiser encore
plus son utilisation : ce commutateur est par exemple fermé
seulement au démarrage, et sur les meilleurs points de rendement du
moteur et de l'alternateur lorsque son état de charge est en dessous
d'un certain seuil.

Il est a noter que l'utilisation d'un commutateur entre d'une
part une premicre batterie et le réseau de bord et d'autre part une
deuxiéme batterie et le réseau de bord permet d'utiliser pour ces
deux batteries des batteries plomb identiques connectées en
parallele de l'alternateur sans CC/CC intermédiaire tout en leur
attribuant un rdle spécifique (démarrage pour l'une, consommation
du réseau de bord pour l'autre) et en les faisant recharger aux
meilleurs points de rendement du moteur et de l'alternateur.
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REVENDICATIONS

1. Systtme (1) d'alimentation en énergie électrique d'un
véhicule, comprenant :

-un réseau (2) a courant continu, d'au moins un organe (6)
consommateur électrique, apte a €tre alimenté dans une gamme de
tensions inférieure ou égale a une tension maximale de réseau
(Vmax_réseaun),

-une premicre  batteric  (4)  d'accumulation  ¢lectrique
connectée au réseau (2), et présentant une premiére tension
maximale a vide (VOmax_Battl) inférieure a la tension maximale de
réseau (Vmax_réseau),

-une seconde batterie (7) d'accumulation  électrique
connectée au réseau (2), présentant une seconde tension maximale a
vide (VOmax_Batt2), supérieure a la tension maximale a vide de la
premicre batterie (VOmax_Battl), et une tension minimale a vide
acceptable (VOmini_Batt2) inférieure a la tension maximale de
réscau (Vmax_réscau),

-un alternateur (3) pilotable connecté au réseau (2), et apte a
délivrer a la seconde batterie (7) une énergie électrique sous une
tension de consigne pilotable a différentes valeurs de consigne
(Valt_basse, Valt_haute),

caractérisé en ce que le systtme comprend en outre une unité
de gestion électronique  (10), configurée pour imposer a
l'alternateur (3) lors du roulage du véhicule, successivement au
moins deux tensions de consigne différentes, a savoir une tension
basse d'alternateur (Valt_basse) qui est strictement supérieure a la
premicre tension maximale a vide de la premicre batterie
(VOmax_Battl), et une tension haute d'alternateur (Valt haute) qui
est strictement supérieure a la fois a la tension minimale a vide de
la seconde Dbatterie (VOmini_Batt2), et a la tension basse
d'alternateur (Valt_basse).

2. Systéme selon la revendication 1, comportant en outre un
transformateur de tension (8) de type CC/CC apte a abaisser la
tension délivrée par la seconde batterie (7) au réseau, et dans lequel
la seconde tension maximale a vide (VOmax_Batt2) de la seconde
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batterie (7) est supérieure a la tension maximale de réseau
(Vmax_réseau).

3. Systeme selon la revendication 2, dans lequel le
transformateur de tension (8) est bidirectionnel, et est apte a
alimenter la seconde batterie (7) a une tension supérieure a la
tension maximale du réseau (Vmax réseau) quand l'alternateur (3)
débite un courant sous la tension haute d'alternateur (Valt haute).

4. Systeme selon I'une des revendications précédentes, dans
lequel la premicre batterie (4) est unc batterie au plomb, et la
seconde batterie (7) est une batterie au lithium.

5. Systéme selon l'une des revendications précédentes, dans
lequel 'unité de gestion électronique (10) est configurée pour ouvrir
un interrupteur (11) de la seconde batterie (7) quand le moteur du
véhicule est arrété et, si la tension de la premiére batterie (4) passe
sous un premier seuil et simultanément la tension de la seconde
batterie est au dessus d'un second seuil, pour refermer cet
interrupteur (11) pendant une période prédéterminée  avant
d'effectuer le prochain démarrage du véhicule.

6. Procédé de gestion d'un véhicule automobile équipé d'une
premiere batterie (4) et d'une seconde batterie (7) d'alimentation en
énergie électrique, les deux batteries présentant des tensions
maximales a vides (VOmax_Battl2, VOmax_Batt2) différentes et
étant connectées a un méme alternateur (3) et a un méme réseau
électrique a courant continu du véhicule (2), caractérisé en ce que
l'on impose une tension basse d'alternateur (Valt basse) pendant des
premiéres phases de roulage du véhicule, et 'on impose une tension
haute d'alternateur (Valt_haute) plus élevée que la tension basse
d'alternateur pendant des secondes phases de roulage du véhicule
telles que des phases de freinage récupératif, moins consommatrices
en carburant que les premiéres phases.

7. Procédé selon la revendication 6, dans lequel on impose la
tension haute d'alternateur (Valt haute) quand le véhicule est en
phase de décélération récupérative, et on impose la tension basse
d'alternateur (Valt basse) quand le véhicule est dans une phase
d'accélération du moteur.

8. Procédé selon les revendications 6 a 7, dans lequel on
impose une tension intermédiaire d'alternateur (Valt Mid),
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strictement supérieure a la tension basse d'alternateur (Valt basse)
et inférieure ou égale a la tension haute d'alternateur (Valt_ haute),
quand un niveau de charge de la seconde batterie (7) devient
inférieur a une charge seuil, et/ou quand un certain mode de roulage
du véhicule autre que la décélération, est détecté, et/ou si le courant
délivré par la seconde batterie (7) au réseau dépasse un certain
seuil.
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BATTERY MANAGEMENT SYSTEM FOR BATTERIES
IN ENGINE START AND DEEP CYCLE APPLICATIONS

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to United States Patent Application No.
17/175014, filed February 12, 2021, and claims priority to and the benefit of United
States Provisional Patent Application No. 63/032148, filed on May 29, 2020, both of

which are incorporated herein in their entireties.

FIELD OF THE INVENTION

The invention relates to battery charging systems, and more particularly, to
battery charging systems configured with engine start batteries and deep cycle

batteries.

BACKGROUND

Lithium iron phosphate (LiFePQ4) batteries often include protection modes,
such as Under Voltage Protection (UVP) mode and Over Voltage Protection (OVP)
mode, to protect the batteries from being completely discharged and overcharged.
During Under Voltage Protection mode, a control system of a lithium iron phosphate
battery disconnects the cell pack from the battery posts to prevent further discharge.
In the Under Voltage Protection mode, the control system disconnects the cell pack
from the battery’s posts, whereby the measured voltage across the posts is zero. In
this mode, the battery may appear as if it is completely "dead”. Automatic battery
chargers do not detect such condition and are unable to charge the battery when in
the Under Voltage Protection mode.

Similarly, when a lithium iron phosphate battery is in Over Voltage Protection
(OVP) mode, the control system disconnects the cell pack from the battery posts to
prevent overcharging. In this mode, there is no load on the charging system. VWhen

the battery is in such mode, an electrical system of a vehicle to which the battery is
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coupled often suffers improper operation, such as dash board lights flickering, check
engine light, etc. Such problems do not typically occur with a conventional battery,
such as lead acid, flooded, AGM, etc., which presents a constant load to a charging
system regardless of the state of charge of the battery.

Additionally, a charging system can create excessive electrical potential and
high current flow from the charging system. Charging systems can generate
between about 12 Volts direct current to more than 20 Volts direct current at
currents as high as 60 amps. Such high voltage and current can damage cells in
lithium iron phosphate battery batteries.

Charging systems often do not produce clean direct current. Rather, charging
systems may create a great deal of ripple, which may cause improper charging of

the battery packs cells leading to shortened lifetimes and damage.

SUMMARY OF THE INVENTION

A battery management system for engine start applications, battery charging
and deep cycle applications for batteries such as, but not limited to, electric vehicle
battery packs and cells and battery chemistries, such as, but not limited to, lithium
iron phosphate batteries, lead acid batteries, gel batteries, and absorbed gel mat
batteries is disclosed. The battery management system is configured to control the
charge and charging of each cell individually. The battery management system may
be configured to control the charge of a battery which may consist of a plurality of
cells, such as, but not limited to, lithium iron phosphate cells, and in at least one
embodiment, the battery may consist of, but is not limited to being formed from, four
lithium iron phosphate cells connected in series and a battery management system
to ensure proper charge and safe operation. The battery management system may
be configured to control the charge and charging of each cell individually and not
control charging based only on the overall metrics of the battery as a whole, which is

a sum total of each of the individual cells within the battery.
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The battery management system may be configured to address the problems
previously set forth as follows. The battery management system may include an
under voltage protection mode to protect one or more cells, or an entire battery
formed from a plurality of cells from losing too much voltage. Unlike conventional
technology, the battery management system can enable a voltage to be present
across the poles of a battery when the battery is in undervoltage protection mode to
enable the battery voltage to be monitored. As such, the battery management
system may be configured to allow a battery’s voltage to be read while in under
voltage protection mode while limiting current flow. Under voltage protection mode
may also automatically clear once the battery charge is sufficient or may be cleared
via direction from a user through a wireless or other communications interface.
Under voltage protection mode may also automatically clear, such as being
temporarily suspended, upon detection of an engine start attempt.

The battery management system may also be configured to protect one or
more cells of a battery or the entire battery via an over voltage protection mode. In
particular, the battery management system may be configured to continuously
monitor each cell of a battery and start to discharge the cell when the cell
approaches over voltage protection value. The battery management system may be
configured to regulate the input voltage and current.

The battery management system may be configured for engine starts
applications. In particular, the battery management system may be configured to
replace cell banks with super capacitors or may be configured to be compatible with
a combination of cell banks and super capacitors allowing for high instantaneous
current draw events, such as, but not limited to engine starts. The battery
management system may be configured to collect cells into pack banks, which may
allow one or more packs to be discharged while the other packs are being charged
and thus always maintaining a load on the charging system. The battery
management system may be configured to integrate learning/filtering into the
software to customize the reserve charge set aside for engine starts. The battery

management system may include a battery charging system including one or more

3
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power source connections. The battery charging system may include one or more
voltage regulators per battery cell.

The battery management system may include a controller configured to
control voltage via under and over voltage protection modes and to charge each cell
individually in a multicell battery. The battery management system may include
precision voltage references for use as a direct comparison for under voltage
protection and over voltage protection. The controller may be configured to sense
whether an individual cell voltage is equal to or greater than an over voltage
protection reference voltage. If the individual cell voltage is equal to or greater than
the over voltage protection reference voltage, then the controller may engage the
over voltage protection mode via opening a charging field effect transistor. The
controller may be configured such that when the controller senses that an individual
cell voltage is equal to or less than an under voltage protection reference voltage,
the microcontroller may engage the under voltage protection mode via opening a
discharging field effect transistor. In at least one embodiment, the controller is a
microcontroller or other appropriate device.

The battery management system may include a voltage regulator for
regulating input for the cell charging circuit to filter out input voltage ripple before it
reaches the plurality of cells. The voltage regulator may be set to a charge voltage
level, thereby allowing maximum loading on the external charging system. The
voltage regulator may have operating modes including a constant current mode and
a constant voltage mode. The voltage regulator may be in constant current mode
when the cell voltage is less than the current voltage level. The battery
management system may include a feedback loop measuring cell voltage to
properly control the state of the regulator.

The battery management system may include a system control module
configured to maintain the integrity of an electrical system, such as a vehicle
electrical system, to which the battery management system is attached when the
battery management system is in an over voltage mode. In particular, the system

control module simulates a battery so that the electrical system, such as a vehicle

4
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electrical system, to which the battery management system is attached does not
develop odd, explained errors and operating conditions when the battery
management system is in an over voltage mode. The system control module may
emulate the battery’s impedance when measuring the voltage of each cell. The
system control module of the battery management system may include a discharge
field effect transistor and a battery impedance emulator circuit, wherein the cell
voltage is measured with the discharge field effect transistor open and the battery
impedance emulator circuit engaged, thereby maintaining a quieting load on the
external charging system, which models a lead acid battery and a absorbent glass
mat battery. The controller may implement hysteresis to prevent an oscillation of
states in the feedback loop. The controller may use a voltage regulator to maintain
maximum applied voltage while in constant current mode. Once cell voltage
reaches a charge level voltage, the controller fixes a regulated voltage adjust
entering constant voltage mode and remains in this mode until cell voltage level
drops below the charge voltage level. The voltage regulator may be configured to
accept input voltage within a range between 12 Volts direct current and 20 Volts
direct current.

The battery management system may include a cell balancing system
configured to compare cell performance and adjust cells with voltages misaligned
from target voltages. The cell balancing system may include one or more discharge
resistors and one or more voltage monitors on each cell.

The battery management system may include a communication system,
which may be wireless or another design, enabling the battery management system
to communicate with remote devices to transmit data regarding cell and cell pack
characteristics. The communication system may enable inter-battery management
system communications to facilitate parallel and series battery configurations. The
battery management system may include an alert system for indicating operational
features of the battery management system. The battery management system may
include an input system configured to receive input to control aspects of the battery

management system.
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The controller may include an engine start mode in which the battery is
discharged to the under voltage protection level and under voltage mode is
engaged. The controller may disengage the under voltage protection mode for a
specified window of time, referred to as an engine start window, thereby enabling an
engine start to be attempted during the engine start window. The battery
management system may include a battery impedance emulator to stabilize the
battery management system when in over voltage protection mode.

An advantage of this system is that each cell of a battery, such as a lithium
battery, may be individually analyzed and individually charged such that each cell
may be fully charged thereby fully charging the battery as a whole.

Another advantage of this system is that when the battery management
system is in over voltage protection mode, a filtering circuit is engaged which
emulates a standard battery thereby eliminate electrical system malfunctions.

Yet another advantage of this system is that when the battery management
system is in under voltage protection mode, the battery voltage is still detectable on
the battery posts allowing smart chargers to automatically detect the battery and
start charging the battery.

Another advantage of this system is that the battery management system is
configured to regulate both voltage and current into a cell pack, thereby eliminating
charging system instability which can damage cells.

Still another advantage of this system is that the battery management system
is configured to detect smart battery chargers and provides a direct charging path for
the cells for smart battery chargers, thereby allowing the smart battery charger to
directly control charging.

These and other embodiments are described in more detail below.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a schematic diagram of the battery management system.
Figure 2 is a schematic diagram of a portion of the battery management

system.
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Figure 3 is a schematic diagram of another embodiment of the battery
management system.

Figure 4 is a schematic diagram of another embodiment of the battery
management system.

Figure 5 is a schematic diagram of another embodiment of the battery
management system.

Figure 6 is a schematic diagram of another embodiment of the battery
management system.

Figure 7 is a perspective view of the battery management system including the
battery charging system.

Figure 8 is a schematic diagram of the system enabling users to access data
collected via the system from remote locations.

Figure 9 is a schematic diagram of a machine in the form of a computer
system within which a set of instructions, when executed, may cause the machine to
perform any one or more of the methodologies or operations of the system.

Figure 10 is a schematic diagram of a battery with a battery management
system contained therein.

Figure 11 is a schematic diagram of a battery with a battery management
system contained therein and coupled to a battery charger or other power source.

Figure 12 is a schematic diagram of a battery with a battery management
system contained therein, positioned within a vehicle and coupled to a vehicle
charging system therein.

Figure 13 is a schematic diagram of a battery management system self-
contained within a battery management system housing and attached to positive
and negative posts of a battery and aiso including connections so that the battery
management system can be coupled to another system.

Figure 14 is a schematic diagram of a battery management system self-
contained within a battery management system housing and positioned remotely
from the battery. The battery management system may be in electrical

communication, in series, with the positive and negative posts of the battery and
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may be in electrical communication with a vehicle charging system, a battery
charger or a power source.

Figure 15 is a schematic diagram of a battery management system self-
contained within a battery management system housing and positioned remotely
from the battery. The battery management system may be in electrical
communication with only the negative posts of the battery and may be in electrical

communication with a vehicle charging system, a battery charger or a power source.

DETAILED DESCRIPTION OF THE FIGURES

As shown in Figures 1-15, a battery management system 10 for engine start
applications, battery charging and deep cycle applications for batteries such as, but
not limited to, electric vehicle battery packs and cells and battery chemistries, such
as, but not limited to, lithium iron phosphate batteries, lead acid batteries, gel
batteries, and absorbed gel mat batteries is disclosed. The battery management
system 10 may be configured to control the charge and charging of each cell on an
individual cell basis. The battery management system 10 may be configured to
control the charge of a battery 12 which may consist of a plurality of cells 13, such
as, but not limited to, lithium iron phosphate cells, and in at least one embodiment,
the battery 12 may consist of, but is not limited to being formed from, four lithium
iron phosphate cells connected in series and a battery management system 10 to
ensure proper charge and safe operation. The battery 12 may be removably
coupled to the battery management system 10.

In at least one embodiment, the battery management system 10 may include
a battery charging system 11 including one or more power source connections 36,
as shown in Figure 7, and one or more voltage monitors 18 per battery cell 13, as
shown in Figures 1 and 3-5. The battery management system 10 may include one
or more controllers 14 configured to control voltage and charging of each cell 13
individually in a multicell battery 12. The battery management system 10 may be
formed from one or more printed circuit board assemblies (PCBA). The one or more

printed circuit board assemblies may implement embodiments, such as, but not
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limited to, the configurations shown in Figures 1 and 3-6 and described herein. The
one or more printed circuit board assemblies may enable a system integrator to
customize a battery 12 and other components.

The battery management system 10 may be configured in a number of
different ways. In particular, the battery management system 10 may be positioned
within a battery housing 46, as shown in Figure 10. As such, the battery 12 and
battery management system 10 may appear to be a single unit contained within the
battery housing 46. In another embodiment, as shown in Figure 11, the battery
management system 10 may be positioned within a battery housing 46 and coupled
to a battery charger 11 or a power source 36. In an embodiment shown in Figure
12, the battery management system 10 may be positioned within a battery housing
46 and coupled to an electrical system and vehicle charging system 50 positioned
within a vehicle 48. In another embodiment, as shown in Figure 13, the battery
management system 10 may be self-contained within a battery management system
housing 52 that mounts to the posts 15 of a battery 12. The battery management
system housing 52 may include posts 54 for connection to an electrical system of a
vehicle 48 and the like. In another embodiment, as shown in Figure 14, the battery
management system 10 may be self-contained within a battery management system
housing 52 that may be positioned remotely from a battery 12 and coupled to the
battery posts 15 via electrical wires and the like and may be coupled to a vehicle
charging system 50, battery charging system 11, power source 36 and the like. In
such configuration, the battery management system 10 may be wired in series to
both battery posts 15. In another embodiment, as shown in Figure 15, the battery
management system 10 may be self-contained within a battery management system
housing 52 that may be positioned remotely from a battery 12 and coupled to a
negative battery post 15 via an electrical wire or the like and may be coupled to a
vehicle charging system 50, battery charging system 11, power source 36 and the
like.

The battery management system 10 may be configured to monitor a number

of parameters. In particular, the battery management system 10 may be configured
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to measure input voltage independent of cell pack voltage and independent of
individual cell voltages. The battery management system 10 may be configured to
measure input current to the battery 12. Similarly, the battery management system
10 may be configured to measure output current from the battery 12. The battery
management system 10 may be configured to measure the state of charge of the
battery cells 13 and the cell pack forming the battery 12. The battery management
system 10 may be configured to measure resting voltage of the battery cells 13
while charging. In at least one embodiment, the battery management system 10
may accomplish this by removing the input charge momentarily and measuring the
resting voltage during this momentary removal of the input charge. The battery
management system 10 may compensate for temperature. If the battery 12 is
above a temperature threshold, i.e. too hot, then the battery management system 10
will stop the discharge current. If the battery 12 is below a temperature threshold,
i.e. too cold, then the battery management system 10 will stop the charge current.

in at least one embodiment, the battery management system 10 may be
configured to control current or voltage, or both, to each cell to prevent overcharging
and damage to the battery 12. The battery management system 10 may operate in
one of a plurality of modes including, but not limited to, a normal mode, an under
voltage protection mode and an over voltage protection mode, at any given time.
The battery management system 10 may be configured such that the battery 12 has
voltage present on the posts 15 of the battery 12. Such configuration enables
chargers and charging systems to work properly to charge the battery 12.

The battery management system 10 may include an under voltage protection
mode to protect one or more cells 13, or an entire battery 12 formed from a plurality
of cells 13 from losing too much voltage. Unlike conventional technology, the
battery management system 10 can enable a voltage to be present across the poles
of a battery 12 when the battery 12 is in undervoltage protection mode to enable the
battery voltage to be monitored. As such, the battery management system 10 may
be configured to allow a battery’s voltage to be read while in under voltage

protection mode while limiting current flow. Additionally, the battery management
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system 10 may be configured to allow a minimum discharge current to operate
critical systems, such as, but not limited to the security system described herein.
The battery management system 10, a user or the like may adjust this minimal
current flow available when one or more battery cells 13 are in under voltage
protection mode, for example, during an emergency start in the engine start mode.
As such, the battery management system 10 may function such that a voltage
across the posts of a battery 12 may always be present, even in under voltage
protection mode. Under voltage protection mode may also automatically clear once
the battery charge is sufficient or may be cleared via direction from a user through a
wireless or other communications interface. Under voltage protection mode may
also automatically clear, such as being temporarily suspended, upon detection of an
engine start attempt discussed below.

The battery management system 10 may be designed to require no
calibration. The battery management system 10 may use one or more, or multiple,
voltage references as a direct comparison for under voltage protection and over
voltage protection. Under voltage protection mode occurs when the voltage of one
or more of the cells 13 is less than a threshold. The battery management system 16
may then open the discharge path preventing further discharging of the cells 13.
The threshold can be set at a point to prevent damage to the cells 13 or to allow
sufficient charge in the cells 13 for critical operations such as an engine start. Over
voltage protection mode occurs when the voltage of one or more of the cells 13 is
greater than a threshold. The battery management system 10 may open the
charging path preventing further charging of the cells 13. The threshold is set at a
point to prevent damage to the cells.

The battery management system 10 may include a controller 14, which in at
least one embodiment, may be, but it not limited to being, a microcontroller 14. The
controller 14 may be configured to control voltage via under and over voltage
protection modes and to charge each cell individually in a multicell battery 12. The
battery management system 10 may include precision voltage references for use as

a direct comparison for the under voltage protection mode and the over voltage
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protection mode. The controller 14 may be configured to sense whether an
individual cell voltage is equal to or greater than an over voltage protection mode
reference voltage. If the individual cell voltage is equal to or greater than the over
voltage protection reference voltage, then the controller 14 may place the individual
battery cell 13 or entire cell pack forming the battery 12 in over voltage protection
mode. In at least one embodiment, the controller 14 may place the individual battery
cell 13 or entire cell pack forming the battery 12 in over voltage protection mode via
opening a charging field effect transistor 24. The controller 14 may be configured
such that when the controller 14 senses that an individual cell voltage is equal to or
less than an under voltage protection mode reference voltage, the controller 14 may
place the individual battery cell 13 or entire cell pack forming the battery 12 in the
under voltage protection mode. In atleast one embodiment, the controller 14 may
place the individual battery cell 13 or entire cell pack forming the battery 12 in the
under voltage protection mode via opening a discharging field effect transistor 26. In
at least one embodiment, the controller 14 is a microcontroller or other appropriate
device.

A voltage regulator 16 may be used as the input for the cell charging circuit.
The voltage regulator 16 may filter input voltage ripple before it reaches the cells.
The voltage regulator 16 may be set to the charge voltage level. Setting the voltage
regulator 16 to the charge voltage level will allow maximum loading on the external
charging system. This loading models a lead acid or absorbent glass mat style
battery 12. The battery management system 10 uses the voltage regulator 16 as a
direct current voltage regulator to generate the power output power algorithm to
charge and maintain the batter cells 13 individually. The algorithm may be broken
into two main parts: constant current control mode and a constant voltage mode.
The constant voltage mode may be set by feedback resistors in the voltage regulator
circuit. Constant current may be set by measuring the resting voltage of the battery
cells 13 and using variable feedback resistors to set a voltage higher than the
resting cell voltage. The difference is that in the set voltage versus the resting cell

voltage depends on the state of charge of the cells 13. A lower state of charge will
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require less difference between the set voltage and resting cell voltage. The
constant current mode voltage set point will be increased until the voltage reaches
the constant voltage limit of the charging algorithm. It is important to incrementally
increase the set point voltage in smaller increments when the state of charge is low
on the battery cells to prevent the battery management system 10 from going into an
over current protection mode in the regulator 16. The DC regulator 16 has a current
limit and increasing the set point voltage prematurely will cause the DC regulator 16
to go in an overload/shutdown mode or cause the regulator 16 to fail.

The voltage regulator 16 will have two operating modes: a constant current
mode and a constant voltage mode. In order to properly control the state of the
voltage regulator 16, there may be a feedback loop measuring the cell voltage and
the voltage regulator 16 adjust. The cell voltage will be measured with the discharge
field effect transistor open and the battery impedance emulator circuit engaged so
the external charging system will maintain the quieting load on the system; thereby,
maintaining the model of a lead acid or absorbent glass mat battery 12. The voltage
regulator 16 may be in constant current mode when the cell voltage is less than the
current voltage level. The microcontroller 14 may use an adjustable voltage
regulator 16 to maintain the maximum output of the voltage regulator 16 while in
constant current mode. Once the cell voltage reaches the charge level voltage, the
microcontroller 14 will fix the regulated voltage adjust entering constant voltage
mode and will remain in this mode until the cell voltage level drops below the charge
voltage level. Hysteresis may be added to ensure there is not an oscillation of the
states in the feedback loop. The voltage regulator 16 measures a cell voltage for a
single battery cell 13 independently of other battery cells 13 within the same battery
12.

Typical charging systems in vehicles have a wide variance of input charge
power. There often exists large fluctuations in current and voltage in these systems.
Voltages can range from 12 Volts direct current to greater than 20 Volts direct
current. The voltage regulator 16 may accept this wide range of input current and

voltages and output a consistent state for the battery cells to charge. As such, the
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voltage regulator 16 may regulate the input voltage and input current. This may
allow for longer cell life, longer battery life, longer battery pack life, and more
consistent performance.

The battery management system 10 may include a cell balancing system 28.
The cell balancing system 10 may be incorporated to maximize the life of the battery
cells. This may consist of a discharge resistor and a voltage monitor 18 on each
cell. The voltage monitor 18 may compare all four cells performance and activate
the discharge resistor if a cell is significantly higher in voltage than its counterparts.
The battery cells 13 may be discharged independently from each other within a
single battery 12 or multiple batteries 12.

The battery management system 10 may include a wired or wireless
communication system 30, as shown in Figures 3-5. In at least one embodiment,
the communication system 30 may be, but is not limited to being, a wireless module
20. In at least one embodiment, the communication system 30 may be configured to
communicate with an application to a user or others to monitor individual cell status,
cell pack status and other data, such as, but not limited to, state of charge of one or
more of the cells individually, state of charge of all of the cells forming a battery,
voltage of the cells, voltage of all of the cells forming a battery, temperature of the all
of the cells forming a battery, discharge current, charge current, number of charging
cycles on each cell, input voltage, temperature, whether the battery is in under
voltage protection mode, whether the battery is in over voltage protection mode,
discharging current and charging current, number of charging cycles, status of cell
balancing, determination of how close a voltage of each cell is to an average voltage
of all the cells. The communication system 30 may be configured for inter-battery
management system 10 communications to facilitate parallel and series battery
configurations. The communication system 30 may be configured to transmit alerts
to an application such as, but not limited to, under voltage protection mode, over
voltage protection mode. The communication system 30 may be configured to

receive commands from an application such as, but not limited to, enabling security
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features, disengaging under voltage protection. The communication system 30 may
be configured to enable discharging given proximity to an authorized mobile device.

The battery management system 10 may include an alert system 31
configured to indicate to a user various information. In atleast one embodiment, the
alert system 31 may include one or more visual alerts, such as, but not limited to,
three light emitting diodes to indicate the battery 12 is powered, the communication
system 30 is operational, and an error light emitting diode indicating any
abnormalities. The alerts system 31 may communicate alerts to a user via visual
indicators physically attached to the system or via communications, such as through
the wireless communication system 30 to a user device 102, 111 and the like.

The battery management system 10 may also include an input system 34
configured to enable a user to input information into the system 10. In at least one
embodiment, the input system 34 may be formed from one or more input devices,
such as, but not limited to buttons, one to reset the communication system 30 and
one to reset the microcontroller 14. In at least one embodiment, the battery
management system 10 may be configured such that the input system 34 is a
device, such as, but not limited to a user device 102, 111, as shown in Figure 8,
which may be a computer, a laptop, a tablet device, a phablet, a server, a mobile
device, a smartphone, a smart watch, and/or any other type of computing device. A
user may communicate with the battery management system 10 via any appropriate
portal on the user device 102, 111, such as, but not limited to, a battery
management system application (app), other software programs and the like. The
battery management system 10 may communicate to a user in through a user
account, which the user may choose to view on any device, with alerts and other
notifications set forth herein. The user may communicate with the battery
management system 10 via the user account via any device. The user account may
be established on a system for use by the battery management system 10.

The battery management system 10 may include an engine start mode
enabling an engine to which a battery of the battery management system 10 is

attached, to be started. In at least one aspect of the engine start mode, the battery
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management system 10 may be configured to enable an emergency start function.
If the battery 12 is discharged to the under voltage protection threshold and a user
would like to reset the battery 12 to try and perform an engine start, the controller 14
will disengage the under voltage protection mode upon boot-up. This will allow the
user to perform a boot with input to the controller 14 such as via a controller reset
button, which may be, but is not limited to being, positioned inline on a charging
cable, then immediately try an engine start before time expires on the engine start
mode and under voltage protection mode is activated. During use, when the battery
12 is discharged to an under voltage protection level, the battery management
system 10 engages the under voltage protection mode. in the under voltage
protection mode, the batter management system 10 prevents the battery from
discharging any voltage to protect the battery 12 from being completely discharged,
thereby preventing further battery discharge and thus also prevents actions such as
engine start. The controller 14 of the battery management system 10 may enable
an emergency start function by temporarily disengaging the under voltage protection
mode to create an engine start window in which the battery is permitted to
discharge, thereby enabling an engine start to be attempted during the engine start
window. The engine start window may be, but is not limited to being between two
seconds of time and five minutes of time. In another embodiment, the engine start
window may be, but is not limited to being between ten seconds of time and one
minute of time. The controller 14 may automatically disengage the under voltage
protection mode once the battery charge is sufficient.

A user may indicate the user's desire to try an emergency start on a vehicle,
such as, but not limited to a motorcycle, to which the battery management system
10 is attached. As such, the user may disengage the under voltage protection mode
via user input, such as, but not limited to, the user turning an ignition key on and off
a predetermined number of times, pushing an engine start button on and off a
predetermined number of times, via a user interface, such as, but not limited to, a
wireless device, such as an application on a cellular phone communicating via a

wireless interface, such as a radio frequency interface, or other such input. The
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under voltage protection mode may be disengaged through a wired, a wireless or
other type communications interface. In another embodiment, the controller 14 may
automatically disengage the under voltage protection mode upon detection of an
engine start attempt via use of the ignition key or ignition system.

The battery management system 10 may include a system control module
configured to maintain the integrity of an electrical system, such as a vehicle
electrical system, to which the battery management system 10 is attached when the
battery management system 10 is in an over voltage protection mode. In particular,
the system control module simulates a battery 12 so that the electrical system, such
as a vehicle electrical system, to which the battery management system 10 is
attached does not develop odd, explained errors and operating conditions when the
battery management system 10 is in an over voltage protection mode. The system
control module may emulate the battery’s impedance when measuring the voltage of
each cell. The system control module of the battery management system 10 may
include a battery impedance emulator 38 to stabilize the battery management
system 10 when in over voltage protection mode. During use, when one or more of
the battery cells 13 in a call pack forming a battery 12 reach or exceed an over
voltage protection level, the battery management system 10 may engage the over
voltage protection mode. Once engaged, the over voltage protection mode
disconnects the battery cells 13 from the loading battery management system 10.
This can cause the battery management system 10 to become unstable resulting in
electrical system failures, however, the battery impedance block 32 emulates the
load of a standard battery thereby maintaining the battery management system 10
stability and preventing system instability.

The battery management system 10 operates such that each impedance
block 32 emulates the battery 12, as shown in Figure 2. When an impedance block
32 reaches capacity, the impedance block 32 is switched out and a discharged
impedance block 32 switched in. The capacity of the impedance block 32 is
determined by measurements of the voltage on the input. Each impedance block 32

may be self-discharging. The number of impedance blocks 32 necessary depends
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on the discharge time of each impedance block 32 versus the characteristics of the
charging system to which the battery 12 is coupled.

The battery management system 10 may include a security system
configured to secure the battery 12 to prevent theft of a vehicle by securing the
battery 12. In at least one embodiment, the battery management system 10 may be
configured to prevent outflow of current and thereby prevent an engine start after the
security system has been activated. The security system may be activated
automatically by the controller 14 after a predetermined threshold has been met.
The security system may be activated by a user. The user may communicate with
the controller 14 via the communication system 30.

The battery management system 10 may include a smart charger detection
module configured to detect the presence of a smart charger attached to posts of a
battery 12. A smart charger is configured to only apply a charge when it detects a
voltage across the posts, also referred to as the battery terminals, of the battery 12.
If a smart charger doesn't sense voltage across the posts, then the smart charger
will not apply a charge. During use, the battery management system 10 may sense
thatitis receiving an input charge. The battery management system 10 may
remove all battery cells 13 from supplying voltage to the battery posts. The battery
management system 10 then determines whether a charge remains at the battery
posts. If a charge remains, the battery management system 10 concludes that
conventional charger is attached to the battery 12. If the battery management
system 10 determines that no charge exists across the posts of the battery 12, the
battery management system 10 concludes that a smart charger is attached to the
battery 12.

The battery management system 10 may be configured such that at least two
different charging paths exist. In particular, the battery management system 10 may
have a charging path for a conventional charger in which a regulator exists. The
battery management system 10 may also include a charging path whereby a smart

charger is attached directly to posts of a battery 12. As such, the charging path for a
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smart charger is a direct path to the cell pack, battery 12, thereby allowing the smart
charger to manage charging.

The battery management system 10 may be configured for engine starts
applications. in particular, the battery management system 10 may be configured to
replace cell banks 12 with super capacitors or may be configured to be compatible
with a combination of cell banks and super capacitors allowing for high
instantaneous current draw events, such as, but not limited to engine starts. The
battery management system 10 may be configured to collect cells into pack banks,
which may allow one or more packs 12 to be discharged while the other packs 12
are being charged and thus always maintaining a load on the charging system. The
battery management system 10 may be configured to integrate learning/filtering into
the software to customize the reserve charge set aside for engine starts. The
battery management system 10 may include a battery charging system 11 including
one or more power source connections. The battery charging system 11 may
include one or more voltage regulators per battery cell.

The battery management system 10 may include a voice control module. The
voice control module may enable input to be made by the battery management
system 10 to be controlled via voice commands. The battery management system
10 may be configured to be an intelligent system to learn the language and dialect of
the user. The battery management system 10 may be configured to be adjusted to
operate in any language configurable by a user. An example of a voice command
would be a user stating verbally “Security Enable”, which would enable the security
system described herein and limit the current flow out of the battery 12 to prevent an
engine start but allow the electronics to be powered. The battery management
system 10 may be configured such that the voice control module can be
incorporated in an embodiment in which the battery management system 10 is
embedded in the battery 12. The battery management system 10 could be included
within a combo charger/jump-pack. A speaker 40, microphone 42 and amplifier 44,
as shown in Figure 15, may be included to enable the voice control module. In at

least one embodiment, the battery management system 10 includes a command set
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of words that a user could use verbally to control various aspects of the battery
management system 10. In at least one embodiment, the battery management
system 10 may be in communication with a remote server system, such as, but not
limited to an Amazon Web Services and the like, via the wireless communication
system 30 to enable the voice control module to operate on a greater range of
commands. For instance, more CPU power would be available on Amazon Web
Services servers which would allow for wider range of voice input.

As shown in Figures 8 and 9, the battery management system 10 may include
a wireless communication system 30 enabling analysis and review of the data of the
battery management system 10 to take place anywhere desired. The system 10
may be configured to be accessible via systems such as, but not limited to, machine
learning services, data and content services, computing applications and services,
cloud computing services, internet services, satellite services, telephone services,
software as a service (SaaS) applications and services, mobile applications and
services, platform as a service (PaaS) applications and services, web services,
client servers, and any other computing applications and services. The system 10
may include a first user 101, whomay utilize a first user device 102 to access data,
content, and applications, or to perform a variety of other tasks and functions. As an
example, the first user 101 may utilize first user device 102 to access an application
(e.g. a browser or a mobile application) executing on the first user device 102 that
may be utilized to access web pages, data, and content associated with the system
10. The system 10 may include any number of users.

The battery management system 10 may be configured to use the wireless
communication system 30 to enable a user to communicate with the battery
management system 10. The battery management system 10 may include one or
more wireless modules 20, which may be fashioned as a hubs to communicate
wirelessly to the wireless communication system 30. The hub 20 could be in a
charger with a WiFi connection and, through the wireless communication system 30,
connect to tire pressure monitors, battery monitors, OBD data ports, and the like.

The hub 20 could connect through a user’s WiFi network to a servers of a battery

20

EXHIBIT 1002
Page 1527 0f2235  petitioner ADC (IPR2024-00577)



WO 2021/242833 PCT/US2021/034211

management system provider. The hub 20 could also be connected to servers of a
battery management system provider via the wireless communication system 30
described herein. A user may monitor the status of connected sensors through any
connection to the battery management system 10, such as, but not limited to, a
mobile app, a web-based portal and other devices described herein. A user may
also control the battery management system 10 and such features as stopping a
battery charger, enabling a security feature and the like. The command of the
battery management system 10 may be either for an individual consumer or for fleet
management. The battery management system 10 may be monitored via the
wireless communication system 30 to via home speakers such as Amazon’s Alexa.
The battery management system 10 may include an alert system to generate and
send alerts to a user such as, but not limited to, “Low Battery Warmning”, “Low Tire
Pressure Warning”, “Vehicle is Moving”, “Temperature Warning”, and the like. A
user may also issue verbal commands such as “Charge My Battery” and the like that
could be received via a microphone in close proximity to the user and transmitted via
the wireless communication system 30 to the battery management system 10.

In at least one embodiment, the wireless communication system 30, as shown
in Figures 8 and 9 may include a first user device 102 utilized by the first user 101
may include a memory 103 that includes instructions, and a processor 104 that
executes the instructions from the memory 103 to perform the various operations
that are performed by the first user device 102. In certain embodiments, the
processor 104 may be hardware, software, or a combination thereof. The first user
device 102 may also include an interface 105 (e.g. screen, monitor, graphical user
interface, etc.) that may enable the first user 101 to interact with various applications
executing on the first user device 102, to interact with various applications executing
within the system 10, and to interact with the system 10 itself. In certain
embodiments, the first user device 102 may include components that provide non-
visual outputs. For example, the first user device 102 may include speakers, haptic
components, tactile components, or other components, which may be utilized to

generate non-visual outputs that may be perceived and/or experienced by the first
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user 101. In certain embodiments, the first user device 102 may be configured to
not include interface 105. In certain embodiments, the first user device 102 may be
a computer, a laptop, a tablet device, a phablet, a server, a mobile device, a
smartphone, a smart watch, and/or any other type of computing device.
lllustratively, the first user device 102 is shown as a mobile device in Figure 8.

In addition to the first user 101, the system 10 may include a second user
110, who may utilize a second user device 111 to access data, content, and
applications, or to perform a variety of other tasks and functions. As with the first
user 101, in certain embodiments, the second user 110 may be any type of user that
may review data from the system 10. Much like the first user 101, the second user
110 may utilize second user device 111 to access an application (e.g. a browser or a
mobile application) executing on the second user device 111 that may be utilized to
access web pages, data, and content associated with the system 10. The second
user device 111 may include a memory 112 that includes instructions, and a
pracessor 113 that executes the instructions from the memory 112 to perform the
various operations that are performed by the second user device 111. In certain
embodiments, the processor 113 may be hardware, software, or a combination
thereof. The second user device 111 may also include an interface 114 (e.g. a
screen, a monitor, a graphical user interface, etc.) that may enable the second user
110 to interact with various applications executing on the second user device 111, to
interact with various applications executing in the system 10, and to interact with the
system 10. In certain embodiments, the second user device 111 may be a
computer, a laptop, a tablet device, a phablet, a server, a mobile device, a
smartphone, a smart watch, and/or any other type of computing device.
[llustratively, the second user device 111 may be a computing device in Figure 1.
The second user device 111 may also include any of the componentry described for
firstuser device 102.

In certain embodiments, the first user device 102 and the second user device
111 may have any number of software applications and/or application services

stored and/or accessible thereon. In certain embodiments, the software applications
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and services may include one or more graphical user interfaces so as to enable the
first and second users 101, 110 to readily interact with the software applications.
The software applications and services may also be utilized by the first and second
users 101, 110 to interact with any device in the system 10, any network in the
system 10, or any combination thereof.

The system 10 may also include a communications network 135. The
communications network 135 of the system 10 may be configured to link each of the
devices in the system 10 to one another. For example, the communications network
135 may be utilized by the first user device 102 to connect with other devices within
or outside communications network 135. Additionally, the communications network
135 may be configured to transmit, generate, and receive any information and data
traversing the system 10. In certain embodiments, the communications network 135
may include any number of servers, databases, or other componentry, and may be
controlled by a service provider. The communications network 135 may also include
and be connected to a cloud-computing network, a phone network, a wireless
network, an Ethernet network, a satellite network, a broadband network, a cellular
network, a private network, a cable network, the Internet, an internet protocol
network, a content distribution network, a virtual private network, any network, or
any combination thereof. lllustratively, server 140 and server 150 are shown as
being included within communications network 135.

Notably, the functionality of the system 10 may be supported and executed by
using any combination of the servers 140, 150, and 160. The servers 140, and 150
may reside in communications network 135, however, in certain embodiments, the
servers 140, 150 may reside outside communications network 135. The servers 140
and 150 may be utilized to perform the various operations and functions provided by
the system 10, such as those requested by applications executing on the first and
second user devices 102, 111. In certain embodiments, the server 140 may include
a memory 141 that includes instructions, and a processor 142 that executes the
instructions from the memory 141 to perform various operations that are performed

by the server 140. The processor 142 may be hardware, software, or a combination
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thereof. Similarly, the server 150 may include a memory 151 thatincludes
instructions, and a processor 152 that executes the instructions from the memory
151 to perform the various operations that are performed by the server 150. In
certain embodiments, the servers 140, 150, and 160 may be network servers,
routers, gateways, switches, media distribution hubs, signal transfer points, service
control points, service switching points, firewalls, routers, edge devices, nodes,
computers, mobile devices, or any other suitable computing device, or any
combination thereof. In certain embodiments, the servers 140, 150 may be
communicatively linked to the communications network 135, any network, any
device in the system 10, or any combination thereof.

The database 155 of the system 10 may be utilized to store and relay
information that traverses the system 10, cache information and/or content that
traverses the system 10, store data about each of the devices in the system 10, and
perform any other typical functions of a database. In certain embodiments, the
database 155 may store the output from any operation performed by the system 10,
operations performed and output generated by the first and second user devices
102, 111, the servers 140, 150, 160, or any combination thereof. In certain
embodiments, the database 155 may store a record of any and all information
obtained from any data sources utilized by the system 10 to facilitate the operative
functions of the system 10 and its components, store any information and data
obtained from the internal and extemal data sources 201, 202, store the
agglomerated models 208, store outputs generated by an application under
evaluation 230, store feedback received from the first and second users 101, 110
and/or the first and second user devices 102, 111, store inputs entered into or
utilized to interact with the application under evaluation 230, store software code 245
generated by the system 10, store reports 242 generated by the system 10, store
analyses 243 generated by the system 10, store test results 246 generated by the
system 10, store test data 247, store media training videos and media content, store
any information generated and/or received by the system 10, any other data

traversing the system 10, or any combination thereof. In certain embodiments, the
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database 155 may be connected to or reside within the communications network
135, any other network, or a combination thereof. In certain embodiments, the
database 155 may serve as a central repository for any information associated with
any of the devices and information associated with the system 10. Furthermore, the
database 155 may include a processor and memory or be connected to a processor
and memory to perform the various operations associated with the database 155. In
certain embodiments, the database 155 may be connected to the servers 140, 150,
160, the first user device 102, the second user device 111, any devices in the
system 10, any other device, any network, or any combination thereof.

The database 155 may also store information obtained from the system 10,
store information associated with the first and second users 101, 110, store location
information for the first and second user devices 102, 111 and/or first and second
users 101, 110, store user profiles associated with the first and second users 101,
110, store device profiles associated with any device in the system 10, store
communications traversing the system 10, store user preferences, store
demographic information for the first and second users 101, 110, store information
associated with any device or signal in the system 10, store information relating to
usage of applications accessed by the first and second user devices 102, 111, store
any information obtained from any of the networks in the system 10, store historical
data associated with the first and second users 101, 110, store device
characteristics, store information relating to any devices associated with the first and
second users 101, 110, or any combination thereof. The user profiles may include
any type of information associated with an individual {e.g. first user 101 and/or
second user 110), such as, but not limited to a username, a password, contact
information, demographicinformation, psychographic information, an identification of
applications used or associated with the individual, any attributes of the individual,
any other information, or a combination thereof. Device profiles may include any
type of information associated with a device, such as, but not limited to, operating

system information, hardware specifications, information about each component of
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the device (e.g. sensors, processors, memories, batteries, etc.), attributes of the
device, any other information, or a combination thereof.

In certain embodiments, the database 155 may store algorithms facilitating
the operation of the system 10 itself, any software application utilized by the system
10, or any combination thereof. In certain embodiments, the database 155 may be
configured to store any information generated and/or processed by the system 10,
store any of the information disclosed for any of the operations and functions
disclosed for the system 10 herewith, store any information traversing the system
10, or any combination thereof. Furthermore, the database 155 may be configured
to process queries sent to it by any device in the system 10.

In certain embodiments, the system 10 may communicate and/or interact with
an external network 165. In certain embodiments, the external network 165 may
include any number of servers, databases, or other componentry, and, in certain
embodiments, may be controlled by a service provider. The external network 165
may also include and be connected to a cloud-computing network, a phone network,
a wireless network, an Ethernet network, a satellite network, a broadband network, a
cellular network, a private network, a cable network, the Internet, an internet protocol
network, a content distribution network, a virtual private network, any network, or
any combination thereof.

The system 10 may also include a software application or program, which
may be configured to perform and support the operative functions of the system 10.
In certain embodiments, the application may be a software program, a website, a
mobile application, a software application, a software process, or a combination
thereof, which may be made accessible to users utilizing one or more computing
devices, such as first user device 102 and second user device 111. The application
of the system 10 may be accessible via an internet connection established with a
browser program executing on the first or second user devices 102, 111, a mobile
application executing on the first or second user devices 102, 111, or through other
suitable means. Additionally, the application may allow users and computing

devices to create accounts with the application and sign-in to the created accounts
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with authenticating username and password log-in combinations. in certain
embodiments, the software application may execute directly as an installed program
on the first and/or second user devices 102, 111, such as a mobile application or a
desktop application. In certain embodiments, the software application may execute
directly on any combination of the servers 140, 150, 160.

The software application may include multiple programs and/or functions that
execute within the software application and/or are accessible by the software
application. For example, the software application may include an application that
generates web content and pages that may be accessible to the first and/or second
user devices 102, 111, any type of program, or any combination thereof.

Notably, in certain embodiments, various functions and features of the system
10 may operate without human intervention and may be conducted entirely by
computing devices, robots, programs, and/or processes. For example, in certain
embodiments, multiple computing devices may interact with devices of the system
10 to provide the functionality supported by the system 10.

Referring now also to Figure 18, at least a portion of the methodologies and
techniques described with respect to the exemplary embodiments of the system 10
can incorporate a machine, such as, but not limited to, computer system 1000, or
other computing device within which a set of instructions, when executed, may
cause the machine to perform any one or more of the methodologies or functions
discussed above. The machine may be configured to facilitate various operations
conducted by the system 10. For example, the machine may be configured to, but is
not limited to, assist the system 10 by providing processing power to assist with
processing loads experienced in the system 10, by providing storage capacity for
storing instructions or data traversing the system 10, or by assisting with any other
operations conducted by or within the system 10.

In some embodiments, the machine may operate as a standalone device. In
some embodiments, the machine may be connected (e.g., using communications
network 135, another network, or a combination thereof) to and assist with

operations performed by other machines and systems, such as, but not limited to,

27

EXHIBIT 1002
Page 1534 0f 2235 petitioner ADC (IPR2024-00577)



WO 2021/242833 PCT/US2021/034211

the first user device 102, the second user device 111, the server 140, the server
150, the database 155, the server 160, or any combination thereof. The machine
may assist with operations performed by other component in the system, any
programs in the system, or any combination thereof. The machine may be
connected with any component in the system 10. In a networked deployment, the
machine may operate in the capacity of a server or a client user machinein a
server-client user network environment, or as a peer machine in a peer-to-peer (or
distributed) network environment. The machine may comprise a server computer, a
client user computer, a personal computer (PC), a tablet PC, a laptop computer, a
desktop computer, a control system, a network router, switch or bridge, or any
machine capable of executing a set of instructions (sequential or otherwise) that
specify actions to be taken by that machine. Further, while a single machine is
illustrated, the term “machine” shall also be taken to include any collection of
machines that individually or jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed herein.

The computer system 1000 may include a processor 62 (e.g., a central
processing unit (CPU), a graphics processing unit (GPU, or both), a main memory
1004 and a static memory 1006, which communicate with each other via a bus
1008. The computer system 100 may further include a video display unit 1010,
which may be, but is not limited to, a liquid crystal display (LCD), a flat panel, a solid
state display, or a cathode ray tube (CRT). The computer system 100 may include
an input device 1012, such as, but not limited to, a keyboard, a cursor control device
1014, such as, but not limited to, a mouse, a disk drive unit 1016, a signal
generation device 1018, such as, but not limited to, a speaker or remote control, and
a network interface device 1020.

The disk drive unit 1016 may include a machine-readable medium 1022 on
which is stored one or more sets of instructions 1024, such as, but not limited to,
software embodying any one or more of the methodologies or functions described
herein, including those methods illustrated above. The instructions 1024 may also

reside, completely or at least partially, within the main memory 1004, the static
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memory 1006, or within the processor 62, or a combination thereof, during execution
thereof by the computer system 100. The main memory 1004 and the processor 62
also may constitute machine-readable media.

Dedicated hardware implementations including, but not limited to, application
specific integrated circuits, programmable logic arrays and other hardware devices
can likewise be constructed to implement the methods described herein.
Applications that may include the apparatus and systems of various embodiments
broadly include a variety of electronic and computer systems. Some embodiments
implement functions in two or more specific interconnected hardware modules or
devices with related control and data signals communicated between and through
the modules, or as portions of an application-specific integrated circuit. Thus, the
example system is applicable to software, firmware, and hardware implementations.

In accordance with various embodiments of the present disclosure, the
methods described herein are intended for operation as software programs running
on a computer processor. Furthermore, software implementations may include, but
are not limited to, distributed processing or component/object distributed processing,
parallel processing, or virtual machine processing can also be constructed to
implement the methods described herein.

The present disclosure contemplates a machine-readable medium 1022
containing instructions 1024 so that a device connected to the communications
network 135, another network, or a combination thereof, can send or receive voice,
video or data, and communicate over the communications network 135, another
network, or a combination thereof, using the instructions. The instructions 1024 may
further be transmitted or received over the communications network 135, another
network, or a combination thereof, via the network interface device 1020.

While the machine-readable medium 1022 is shown in an example
embodiment to be a single medium, the term "machine-readable medium" should be
taken to include a single medium or multiple media (e.g., a centralized or distributed
database, and/or associated caches and servers) that store the one or more sets of

instructions. The term "machine-readable medium" shall also be taken to include
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any medium that is capable of storing, encoding or carrying a set of instructions for
execution by the machine and that causes the machine to perform any one or more
of the methodologies of the present disclosure.

LIS 1)

The terms "machine-readable medium,” "machine-readable device," or
"computer-readable device" shall accordingly be taken to include, but not be limited
to: memory devices, solid-state memories such as a memory card or other package
that houses one or more read-only (non-volatile) memories, random access
memories, or other re-writable (volatile) memories; magneto-optical or optical
medium such as a disk or tape; or other self-contained information archive or set of
archives is considered a distribution medium equivalent to a tangible storage
medium. The "machine-readable medium," "machine-readable device,"” or
"computer-readable device" may be non-transitory, and, in certain embodiments,
may not include a wave or signal per se. Accordingly, the disclosure is considered
to include any one or more of a machine-readable medium or a distribution medium,
as listed herein and including art-recognized equivalents and successor media, in
which the software implementations herein are stored.

The foregoing is provided for purposes of illustrating, explaining, and
describing embodiments of this invention. Modifications and adaptations to these
embodiments will be apparent to those skilled in the art and may be made without

departing from the scope or spirit of this invention.
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CLAIMS
We claim:

1. A battery management system for a battery, comprising:
a controller configured to be coupled to a multicell battery;
wherein the controller is configured to control charging and discharge of each

cell individually of the multicell battery.

2. The battery management system of claim 1, wherein the controller is a

microcontroller.

3. The battery management system of claim 1, wherein the controller is
configured to determine whether an individual cell voltage is equal to or greater than
an over voltage protection reference voltage and, if the individual cell voltage is
equal to or greater than the over voltage protection reference voltage, then the

controller places that individual cell into an over voltage protection mode.

4. The battery management system of claim 1, wherein the controller is
configured to determine whether an individual cell voltage is equal to or less than an
under voltage protection reference voltage, and, if the individual cell voltage is equal
to or less than the under voltage protection reference voltage, then the controller

places that individual cell into an under voltage protection mode.

5. The battery management system of claim 1, wherein the controller
includes a system control module configured to maintain the integrity of an electrical
system to which the battery management system is attached when the battery

management system is in an over voltage protection mode.
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6. The battery management system of claim 5, wherein the system control
module comprises a discharge field effect transistor and a battery impedance
emulator circuit, wherein cell voltage is measured with the discharge field effect
transistor open and the battery impedance emulator circuit engaged, thereby

maintaining a quieting load on the external charging system, which models a battery.

7. The battery management system of claim 1, wherein the controller
includes a smart charger detection module configured to detect the presence of a
smart charger attached directly to a battery and enable a smart charge to charge the

multicell battery.

8. The battery management system of claim 1, wherein the controller

includes an alert system configured to generate alerts.

9. The battery management system of claim 1, further comprising a

battery charging system comprising at least one voltage regulator per battery cell.

10. The battery management system of claim 1, further comprising a
voltage regulator for input for the cell charging circuit to filter out input voltage ripple

from a charge before the charge reaches the cells of the multicell battery.

11.  The battery management system of claim 10, wherein the voltage
regulator is set to a charge voltage level, thereby allowing maximum loading on the

external charging system.
12. The battery management system of claim 10, wherein the voltage

regulator has operating modes include a constant current mode and a constant

voltage mode.
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13. The battery management system of claim 10, wherein the voltage
regulator is in constant current mode when the cell voltage is less than the current

voltage level.

14. The battery management system of claim 10, further comprising a

feedback loop measuring cell voltage to control a state of the regulator.

15.  The battery management system of claim 14, wherein the controller

implements hysteresis to prevent an oscillation of states in the feedback loop.

16. The battery management system of claim 10, wherein the controller
includes an adjustable voltage regulator to maintain maximum output of applied

voltage while in constant current mode.

17. The battery management system of claim 10, wherein once cell voltage
reaches a charge level voltage, the controller fixes a regulated voltage adjust
entering constant voltage mode and remains in this mode until cell voltage level

drops below the charge voltage level.

18. The battery management system of claim 10, wherein the voltage
regulator is configured to accept input voltage within a range between 12 Volts direct

current and 20 Volts direct current.

19. The battery management system of claim 1, further comprising a cell
balancing system configured to compare individual cell performance and adjust

individual cells with voltages misaligned from target voltages.

20. The battery management system of claim 19, wherein the cell
balancing system comprises at least one discharge resistor and at least one voltage

monitor on cells individually.
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21.  The battery management system of claim 1, further comprising a
wireless communication system enabling the battery management system to

communicate with remote devices to transmit data regarding at least one cell.

22. The battery management system of claim 1, further comprising an input
system configured to receive input to control aspects of the battery management

system.

23. The battery management system of claim 1, wherein the controller
includes an engine start mode in which the controller enables a user to attempt an
engine start of a vehicle to which the battery management system is attached even
when one or more of the cells is in under voltage protection mode by temporarily
suspending the under voltage protection mode to create an engine start window,

thereby enabling an engine start to be attempted during the engine start window.

24. The battery management system of claim 1, further comprising a voice
control module to enable input to the battery management system be made via voice

commands.
25. The battery management system of claim 1, further comprising a

security system configured to secure the battery to prevent theft of a vehicle to

which the battery is attached by preventing outflow of current from the battery.
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CYLINDRICAL NONAQUEOWUS ELECTROLYTE BATTERY AND METHODR FOR MANUFACTURING THE SAME
Abstract

PROBLEM TO BE SOLVED: To provide a method for manufacturing a cylindrical nonagueous eleciroiyte battery, which can
prevent weaving caused when winding an elecirode group and can prevent cut of an electrode plate.SOLUTION: This
manufacturing method includes winding a first electrode plate 21 to which a first electrode lead 210 is connected, a separator 27
and a second electrode plate 22 o which a second electrode lead 7108 is connected. The first electrode lead 210 has a plate-fike
part and a round bar part. The plate-like part has a slip prevention structure formed therein for lowering sliding properties
between the plate-like part and the separator 27. The manufacturing method also inchudes: protruding a peripheral part of the
separator 27 from the first electrode plate 21 and the second elecirode plaie 22 in a width dirgction of the first electrode plate 21
and the second electrode piate 22 and positioning the round bar patrt to the outside of the peripheral part of the separator 27;
and winding the first electrode plate 21, the separator 27 and the second elecirode plate 22 while overlapping the peripheral part
of the separator 27 on the slip prevention structure.
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FNEN, —ETHY, ABT 1 2087%d, 3. RKFORETJ , Xods K&, LEFK

12@. #lzE. RRL1L1OBETD2~10fE0OEREZEAEL TS, RKF 1 1OEZX
d, &, flxid, 0. 2~0. SmmTH>, A1 20EFEd, &, MxE., 0. 4~
5mmTHi. V—28—Z110DRKTB1 1 RUAEDLI 20&HERZX, TEY—F
21 0cKEMm&END,

{0026])

Ric, WRKM1L 1L 1 aZBKRT S, H11ald, RKF110EH M (K3 AIK
Rz AM) KETTVWS, BAmMmEE. REF 1 1 OREFAARTEIAMICERT S
FRTH2, Bl lald, RKB1LIOEFAMNOAHIHEEKRFEEE, §hbb, BE
FRESEDDZIEICHFATIBODILOBEEER TS, AEBEETE. 11 ak. R 10
WH1 1icE 3, RKB1 1 EAKESDI 2 0BBRICHBELEMBICENRT S, k.
AEMEETIR., 1 1azZ, RKFL1 10X CTCEDMRIERT S, COX3ICLT,
TRU—F210x2FEWNT 5B,

(o002 7]

T, AEMILETIE, EHDOF11azZEELTVS, LML, 1 1ald, 120
BThHh-oTEEV, £, 11 a0 BN ZTHERRBEINZL, FIAE,. 11 a0
FEEWE0. 05~0. IlmmedThiEEwn, /. @1 1alk,. EBAASKICERT S
EHBFELV, DED Bl laD—mARKFL1IO—AOMMmCHEL, 1 1ad
I DRIREBL 1 OMADRAHERICMELTVTELIV., THOEIICTHIE, RKFP1 1D
MEICE> TR L—R2TE2WMOZBCENTES, 20
{00 238])

¥ B—OTRET,. BEL140KREEL, B11a0EREFERLTL IV, #lX
W, BES1 4 VYRYZEMEIE, YAV ERAAQICESHMT I EIcED, BRES1 40
REL. B1 1 aDIERONARERETZES, O3 N, E—DIRTI—2 V¥
— X105 EmMYV—F210H0886NMN3%, LIzW->T,. MILaAMEZMRTE S,
{0029)]

Fh, J—=JE—X10¢LTE, iROERMV—FEZHVLAE LWV, £/, XRERKIE
BT, 77— Y —Z2102ZMILTERMY—F210&2FERHLTVEN., AEHAE O
CRESAZVL, FXIE, EHE»PLEBFEM)—F2 1 0ZFEHLTE LWL, BEMIC
. X9, AT I 2O0EFLRALCEREZATIMMEZEMRT S, Ric, MM EzEY AR 30
YW T B, Ric, RKRBL ILHBERENZ LS, UKEhi@HETLANIT S
o R, TLAMITICE 2T TERRESR1 420, IBEXREOMTAETRHRET S,
REl, AWMB L 3IEZAERLI 2icBEgI NIV,

{0030])

¥, FERIFEETCE. Bl 1allXhBHIELDBEREEREL WS, 1 1allkd
BOILHLBEERZ. RRE1L1OEFHARNOEHINREBEFIRIATCENL TV, LML,
MoK TEY EOBEZBRXLTE LI, AIE, MM, n—Lw b, BRI/ v F
CEOMOILOBEEZBRLTEEIVY, I3CERTES5%, MM11blckhERaEh
EHOIEHEERG. KK 1 OB S AMCEERLSTOAMOEHINEEK FEEEAT
BTV, MTM11b, MR, RKB1L1OXTmAMI L TERTES, KB, 40
M3CTE. MM1 1 bRBRBEBBEAERZKZEZEOMMTHSHA, MMH11bid,. BETER
WHBETH->TE LY, £, I3DKKART LS. a—Lbvy bl lclkIOEREINE
BHILHHEEL., MMl 1lbickoBRIhZHBOILVEELRAEOATEAT VS, 1
—Lwhllcit, FIZIE. AT 1ICBT2B0ILDBEEFERTAXELRITHLT
FAAZ@HLETET LRI, YZLBHAEUMLRIKIEZ L THERTES, £
VERBCIDBEINZEOILDEBEL, RKB 1 1 OEBHBEETEIELIATEATL
3, Fle, /JvFCEHBOLEOEEE. EAL—X2 7TOMEFIHLODOKRKSB 11
DM EETEIHIRATEA TV S,

{003 1]

AEMEBICENT, A —F 710, EMV—F2 1 0LRACEEZPALTNS 50
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o TDEH, EBRMY—FT7TI108EBMYV—F210RACAHAETHERTES, I3IART
M3BICAR"T L3I, V-FERTETER. 7—-IE—-ZX510H»5BBENR51 4EZRE
T2, BEMS 1 4WREENTT—IEE—X610ICHES 11 azERITILickb
B —-F7108360%, ABY—F5 101k, WRKELS51 1. AEHLS51 2RUE
WS 1 3%2AT 2. MIKWMB5 1 1OXERC/ XEEMmMICE., BOotHBELLTORE
511 aMERERTHS,

(003 2]

EBYV—F210RUVEBYV—-FT7100OMBELTE. BIZIE. 7IVI=Z0L, 7L
SZTLRE. DL, ZurILAE. Bl WGE. ATV LANBTFLNS, AlRY
—F710&,. EMV—F210ALCMETTETCLTELIVL., BRAMBPTTET 10
WTEEW, EmMYV—F21 0BT, RIKMB1 1 RCAERT 2. EAMKE. [
UCMETTE TV, Zimebl 3, WK1 1 RCAMHB I 2ERAEMBETTETNT
LEWL., BERZ3MBETTETCLWTE IV, ZOZEE. A —F710lK2WTER
CTH5Bo
{003 3]

(IE A& Ak )

¥, EBMEMEARCEEOMHZEBRIZCLICEVEMBAEZERDT 2, FEOH
Ficid, M, SEHA. SEAREHRTENS, R, EBMAAZEHMEEHK 2 31
W9, BHENIETCRBREAEZERETER T LICED, TBEEK 23D EICEREYE
FBl2ARPERENE, R, FEOEEOFEHE 2 | ABRENZ XS, FHREEKR?2 20
SRUTCIEBMEMEB2 AZFHET S5, TDH%., ERBKR2 1 EZHMEOTRIKYINT %2, T h
kb, HROEEIK2 1ARONS, B, EREER2 IOTEAICEBSAZEMAL
TEEWL, EMEBERXR2 SOFHEHIKEBAREZZALTE LU,

(003 4]

FBREFKR23E. SEXE2H T2 y—FRoEMTED, HEMICRESBEB THERE
NTw3. EBAKCNKAT. THOILEEIZIHEM (EBRA YT a. NYFU TR 21,
IFZANRNVERAA)) 8EATE2, EMEEK23OMBELELTR,. 7VIZVL, T
WIZOLEEREDERERMBITFS NS,

{003 5]

EREMAELLTE. VFIOLALAVYEZRERUTMBLI Z2MBEEHTES., T0OK 30
IREBEMELLTE., “EBEYHY (MnO,) . VFILARYHVEABILY (
BlZEL i, Mn,0,XWELi ,MnO,) . VFUvL=v Yy LVEGHLEY (HZEL i, N
10)  UFvLanVEEAEILY (MIREL i1, Co0,) . YVFIL=Zw)ban
w%@%&m%(WiﬁLiN1VWOYM)‘U%ﬁA?yﬁyzﬁwbﬁﬁﬁm%
(MlZELi Mn,Co,.,0,)  AERXLVBUFT LY H Y rViESELY (L
i,Mn, Ni O, . . AVECYHEEEZHATZVFILY VELY (Li,FePO0,) &
EoBitmhigrons, Lat2X0 Ix] RTG Tyl &, ZhE¥h, 0~1 O&M@AD
BHELDIZ2. WELVWEREMBAL LG, VFILIVYAHVEEGRLELD., VF I L=
wrIWEEELEH., VFOLaANLVMEEBEYM. VFILZw L anVFESEED
VAERNWBDFS LAYy VEREE., VFOLR ANV NEE B 40
WM., UF LD VBRI BTFONS, bR, €BVFVLOEMIEHNLTHAE 3.

OV ES., OV TFTORKEENEZET 5.

{0036]

BEBAHELLTE., 72¥FL V7T oI2v T, Ah—Rry7 5wy, B PoOREMHE M
HTE%, &AL TR. RUFFrS 7)Aoz FLYy (PTFE) . R 7yt =
UD7FY (PVAdF), AAVERFTRXAFILELO—RA (CMC) , Zwikdh, AFL VT
Z2YrvdL (SBR) GHEOBEMBEERTE 3.

(0037])

(& &R

¥7T. ABEWERCIEROMHZRMIZcickh AMSHIZFERT 2, TEOMH 50
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Flicwk, Wi, BEMHA . BH5ARENEENS., Ric, amaflzamEEKR2 51
HI b, Bhdshi-raAaBaSfl2&EMRIBsLicdyh, amEEK 250 LicamEYE
B2e6MEREINE, Ric,. IEODBETDABIRZ2 2HEXREINE LI, AMEENKR?2

SRUARBEMEB 26 1L A9 %, TO%, ABKR2 2EFEDTEICYIT 5, &
hickbh, FROABIK2 2HARONE., ., AMEEKR 2 5OmmMICAMAR %2 B H
LTes&WwlL., ABEEK 25O RCABREA ZRHALTE XV,

(o003 8]

EmEEK25E, EEREEILZ O —FROBHMTHD, HEANICEEBRBTHBRS
NTW3, ERACKAT. THOAZEITLIHM (EBA Y a., RYFUT A AN,
ITFANERAZN) A TES, AEMEBER25OHBEL TR, =T, v 7 10
WEe. M, \WEE. TNVIZOL,. TVIZULGEEREDERERABETOENS,

(0039]

BEmEMEALLTR. VFOLAFVERBRUOBRHB LS Z2HMBEEZFERTES, FEL
VABITEHEAELTR. AXE. ZBYVFUL, VFOLAR, VFOLFEAVEARL
¥ (BIAL 1, Ti;0,,) . UFULAAYERBRTCHBHBEL D ZREME., UF 7L
LEREERLIAHMN (WHRD L8R REWE) AERBTFLNE, REMHELTR
TSI TFARRBFOND, GRREWMELLTR. A A, AXER. YVIAVRUY
DaveEaeh#dons, KREDERUY A7 IVLEGMOBRELIL. KEMAHAXXIZY F7
LFE2 HEBMIEMEFRCMHEHTE S,

(0040] 20

B, ABKR 2 2 E IS ABREMBEOEMI LBV FYLOEMIDE L. OV F
BWIESIR., AREER250MMR L LT VNI ALAXB 7 VI LAEZA WS
ERHFELYL, Thickbh, BWryr—26 00BELT., BR0BAhTHYRA7ILI =
TLXBTNIZDAFTEERVD LN TES, Tbb, 7IAI=TLXE TNV
TLAETHEINZEMTr— X6 0 CABRIBNZ L. By —X6 00DBHT S
EWBBEH. oI HABR2 2IKEINE., By — 26 0DBHEBSCENRTES
(o004 1]

ERBVFILOBFMICHLTI. OVULEBVWEMNEZAT2ABITEWHEAL LT, UF 7
LieFAhA a0 ELMPETFoNS., Bk, k2L i,,, Ti;0,, (0 30
ExE3) TEREN, AERXNBEEEEITLZIFE U B)VFILNETONS, F2 8B
VFoLZARBKR22CHEATZ L., ABK2 2O0FRKEBELEDLDNZ LN D B, ]
BiIcZLWERKRIE., ZOoicyhed v, LiER-T, F2UrBUFIVILZABENEA
CLTHRBTZIBE. AEMBPEOFENRFICHREIN S,

(004 2]

BMIR2 2OEEHRCEERHAE L TR, EMKR2 1 EFALCLDEFRACE S,

{004 3]

(L~ %)

AEMIERETIE., EMik2 | RCEAMIKR2 22XV ERBETHLI WD 2203 L —%
27T2%{ET B, $hbb, R L—%22708NE. TBR2 108IRTVARRKR?2 2 40
DEBVEIDEEV., . FEMBETIR., t3V—2270R01IF., E@Kk210EU
RUAHWIK2 20EA LD EEL,

{004 4]

tRL—227L LT, FIZIE. BB VL, AEAEEREFOENS, TEA
ZabLil TR, RVZFLUYXB ROV oV Ly TRt ERBTFoNDE, &
AL TE, Ao —AX@EIVE=AT7NVa—L (PVA) TTERLDRENET
5N 3,

{004 5]

(EKEHRA)

AR CIE, ERELABNARELZEOHRROEKERERXERIT 2, ARIBHR L 50
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LTk, xF L vH—KF—Fr (EC) . ¥l ryh—FKxr—F (PC) ., ExZLh
—RHFr—=hr (VC) BEDBEEHIN—-FRR2r—- bR BIFENE, o, VXFILA—-FKRHx— 1t

(DMC) . AFNVZTFNA—KF—F (MEC) . VT FNVAh—KRFx—F (DEC) &
EDHE KA —-FKEX—F., TS Fur753>Y (THF) . 22AF i FrSlFrrz35y (
2Me THF) BEDBRIRKT—FTIV, VA PFyTHY (DME) BEDOHKZ—F I,
TR bFUJN (AN) . ANVKTY (SL) REEBFRALTCEL VL, ThHDEERR
., BEMXE2EBUEOREMOBECHERTZ S,

{00 46]

EWEELTWE., BEEEVF 7L (LiCl10,)) . A7yt @) Fon (Li
PFyg) . W7wikrkvBYF 2L (LiBF, BEOVFILERMBRBTFONS., L¥W 10
LEBREEBEBFLOBRA»S., R7vbVCB)VFIL (LiPFy) #¥r5EMY
ELTHW e HFEFLYL, TH72S2EHRE] LR, TILHRKTRLEZIFENICER
HrEHI 2, ERER. aBBERKHLT. #lxE0. 5~2. Omo 1 /LOBRET
mBLTW3,

{0047]

(B ir—x)

AEBEHETE., EMEMAAOREZEFITI2MALOERY — X6 0 2% EMT S, Bty
—Z260DMBELTIR. BEBT. MINKHCENZEBMANPFELL, ., RO X
FICHOKTOEZPLOLS DI, D LOEAEEZEDHDIVEEMROB NS EIRT ST &
FHEEFLW, BECHIRCENEZEEMHLELTR, TV LRUCTILIZT LS 20
ERENBIFOLND, PLOBEEEEDZVEBHMAELTRER, Cu, Mn, SikED
MEZMERMULET VI ZVLAEPETONDE, 8bAA. AFYLAKEDOMDE
EMREFERTZX 3.

{004 38]

(HOK)

AEBEREETE, MR (TS AP —) KELDOEERINEHNEROHOKT 0 B 4
I 2. HOK70RRBERAIL 70 aRUTCT7T0bMBRISNATVE, HOKT7T0OMA L
LT, Pz, ~FL oyl yyrydAL (EPDM) . AV TFLYAVYITL YV
dA (I1TR) ., 722xVAFLrdh (SBR) HEFLNSE, BELT0aRTG7T

ObOoAWNEEF. MlzE. 0. 2~4. 9mmTH3, 30
{0049]

UtossmrPd¥EFLEBIC., FLEDITEBICEHEBEMWS OEHAILITS,

{0o050]

[V—FEBMNILE]

FF, MAALLRT XIS, FEaK2 1icEwWY—F2 1 02ERNICEHIT S, BHiX
I, FREFER23ICERMY—F21 00RKB1 1 ZABICEI->TEET S, B
DHFLLTR, BHGE, BSHAELZENETONS, EEBKR2 1 EABOHET,
K4BlicrndT&3ic, ER2 2ICABIV—-FT7T102EBEANCERT S,

(005 1]

AERMBHETE, EMV—F2100#% 11 ad, EBR21ICEEZDEDEVLLES K 40
VIEMY —R2 1 0 EMIR2 1 &EA2¥EITS (N4CBH) , bbb, EMK2 10D
BAMICELTRIRBLIO -BHREWMKR2 1 HS5FEHT B ESICER)—F210%E
MR 2 1icERRT 2. MIKBL 1., EBKR2 1AASRMLESICOAHEL 1 a (3
DIEBHHE) PERINLT VWS, A, ABY—R7100#ES 11 ab, AaEKk2 2
KEZOLGbhRWVWXSi, BBYU—F710LABKR22EEZEKT S (4 DERE) .
B2 2RUAEBY —F7 10 EMIR2 1 RUCEEBY)—FK210&RAUNEKBEN
BEAINTWL 3,

(005 2]

¥, AEMBEETE. LEKR2 1 OEFAN (K4 CICRT zAHM) O—W%E0%D
i@, A 100%DMBLERE LLELE, FMYU—F21 0 FHKE2 1 ORFEAHM 50
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CEALT1I10~30%DHMAICMBETSEISIC, EMUV—F21 0% EmMIR2 1 ICEST
3, AHIC. ABKR2 2OEFSM (KM4DIicRiTzHE) O—EEZO0%DME. fluis

lOO0O%DfiELERE LELE, ARV —F7 10 AEBR220EFAMICEALTIL O
~30%DFHICMEITS L. BBV —-FRT7T10%28EBR2 2KEHI S, chic &

h, o EE TEKBIC, FHMY—F2 1 0RUTABBY—R7 1 0BT AMEBICKEE
ns.

(005 3]

(e TR

K, I5ARTKRT LS, EBIR2 1., 1 0L L—%227RUCAEEK 2 2 DM
M BMEEEZEDD. BAMKCE., EL—%27., BaBKR22. £L—%27. F 10
Mik2 1OMHIczcho 2B EBIT S, cnLIicLT. EMBFE20, FEYV—F210R/kT
BElBU—R710%Z2Z632MEAR300EZIIERT S,

{005 4]

BEIRCTE., UTOMBRZE A I XS KESEMOMYNENBEZAS T2, ¢4dbb
.EKS5BRUKS CIZART LI, ERHK2 1 RTABHK2 2DEBAN (K5 BRTKS
CICART xAHAA) KMLT, L —X27T0RAKML27 anh, Flk2 1 RTCABK 2
2HhHEHLTWVD, EWRZ2 1HDS50OEBYV—-F21 00EESHA (K5BKRUTKSC
CART xAM) B, ABR22HPS50EBY—FR710DZEHMAMIK—BLTVS, EM
R21RUEBKR2 2O0BAMICEALT. AEB1 2028 RTCAERLS 1 20 25HH.
@27 aoHICMBLTWVWS, EMY—FK2100E11ald, EXL—%2T708H 20
BE27alcEE->TWV3, ABY—FR7100EES511adt, 2SL—%27T0RAKT
27 alcER->TWVS, BEICR. B1 1 aBABM27T aDBHLEEDA-S>TWVWS, A
Blc. 511 allBABS27 aREEXRVE->TWV S,

(005 5]

THE. AEBIFETE. 11 a1 1EEABB1I 2 0ERICHEELEME
EREN TS, WRIRE 1 1 & AEH1 2b0BERICHEELEMEE &, FMIIX. KKk
B11EAETLI 2LLoBERIMNSFTOBERIREAVIERKZ 1 0AKETORBEILEE
Nifi@E. ik, WIREB1 1 EAMTL1I 2L OERIPSFTOEBRICRELEVAMBIK2 20
NgFrTcomMMiiaEzn cHBEZERT 5, KOFEMcE, HERB1L 1 2ABETL 20
ERCEELEME G, RRT1 1 EAET1 2L 0BRSS ZOERICHEEE D IEMH 30
B2 1OABETOERKCEEN, O, RKF L 1 EAEBL 2L DERLLFOHER
KERLGAEWVWARBR2 2ONBETOHEBICEFENEMELZEKRT %,

{0056]

E O

Ric, Weicrnd ko, BEAEIOZEET 2. B, 3, 2540084
MAEEERIOODEEAMICIHS LD, MEBAHRIOODWMPICER 4 0&2EHRIT S, RIC
LERL—Z27TORBE27TaRE 1l 1l akRU511alcEdaRDo2D, X402 L
THEEER3IOOEZXERBIT S, CNICED, BhNEERBE2 008N S,

(005 7]

tEEoBEL LT, ERYV—FRUABY —RELT, I3ADT—Z2¥—Z1 004k 40
37k, BESEEITIZERM)—FEZAV, BESAHA LS —2ICEBIZIIICHEBMERE
FRLUBAZEET S, COLIaMEREERTI L, REFTONARMICERZE W
R —2AEOEICTEFTRABICTNG V. LEERN->T., Z2FnpELiEzD, EERKR
RUBEBKRMAB ALY, EMRERTABKROBRENFLEMALONTD T S,

{005 8]

chicH L, AEREIEEBICENIEE, RRB1L1OFETHFRICHMTIE/HRE)—F2100
JERZ, RKB1 1 EAERI 2 0ERTAERFIKELLLTVS, T56ic. ARKILE
Tk, EmR2 1 OWAMICELT, AL 2H, £ L—Z27T0@BH27 aoi
K& T 2, LEDH2T. BRI O0ZERI S L EICAEML 28N L—%2 7TiC#
L, $hbbt, AERFETIR., EAL— X2 7A%EMICETRARICTNE EE 50

EXHIBIT 1002
Page 1569 0f 2235 petitioner ADC (IPR2024-00577)



(12) JP 2012-169161 A 2012.9.6

NROBIANT VB, EEKk2 1, AWIK2 2R TGS —%2 71, ZEEIC TITICF
thad, chicdkdh, BEERSIOOZERIZ LZIKEZTETIRERKR2 | RUAMBR
220N ERIETCE S,

{0059])

EHil, AEBEECIE, EWMY—FR2100%1 1 abeL—%227T0RB®27
Al EE->TW3, 1 1ald, ERXL—R27TOABKETEAAMICETTWVS, 2h
&, ERXRL—Z27¢EEMU—F21 00O BHIKEEZBETIRZIENTE S,

RIS, BEMICEAAAMICELT, XL —22 72801t TBLNTE3, L
Teo T, MBAH3IOZEMIZ LT EZIITNUTCEMR2 1 RUABK2 2D
EFEOBHEMNICHIETEZ B, 10

(006 0)

Flo. 1 lalk, ENXL—227TORABM2T7T adHhbEdaHx->TW3, Lizd->T,
L —227H, TMIYU—F210DE1 1abE@im21EoMicEEsnd ek
VW, Thickh, EBAKIOEE@MITZ LEIR, 11 ahbtL—227CBREZTE
NHMbHb2ezZHIETES, LEDN->T, BER3IOZERITILEIZ, EL—%22
THENHE L, chickd, ERL—227HBNBZ3LICETHEUSBERWEKRER
LT EB,

{006 1]

TR, ARBREETE. B11 al BT 11 0XARTEAIKEKINTVLE DT,
LIISL—XR27TO0OW@ODELIOEEICHIETCES, EFEL. (KB 1 1OF@EICDOHFEL 1 20
aZBRLULTE, BEIT TR EEK2 1 RCABKR2 209N OMIE$hREBZ &
HTEB,

{006 2]

AEMEEICENT, BEWMYV—FR7103EBYV—F210¢AUL#EERZALTEY.
BU—F710&EERL—Z227TLDOMNEBEEFEEmMMY—FR210&EL—%22T7¢
OMBRABEACEIICREIN TS, LEDF->T. ERLEBHRZ,. ABY —F 71
QOico>oVWTEHELEMNS,

{006 3]

AEBHEETE, FHEIYV—F210TCABY—FR7100mEARERL—R2T 0B
DEMILTZ2ZDOEERALTVS, LML, EMU—FK210:AMYI—F7100 30
WITRADL—HDHEELETDOIIICERLTE, BEITECTIKERK2 | RUARBK?2 2
DYNEZHILTE 3,

{006 4]

— M AR - REMTIE. V—FDEAE1 00y mEELZDT., V- FIKERL
rEEITNRUTUEREKOTNBEC DL,

{006 5]

ChicL, M9OZSMUTHMPLAZBEHS 80Tk, EMKOPEMICEHY — KM
BEENTWVS, A, ABROTHERFICAR) - FAPEEZEIATVS, §hHHDE, &
WMEEZERLELEE, EB)V—FRUABY—RFHFEBBBIEIAENS, FDe, %
ETNHCICERMKRTEBKROYNDREMCEELG V., KEBBFETIE., L L L 40
LOBERZERALTVWSDT., EWMY—FR210KRUAWY —F710AEBE®AE2 0K
EBEAFEFNTLLTE, BEITUECKEBR2 1 RKTABR2 209N ERILTE 3,
{006 6]

(IR& T ]

R, B7TATEIK, EMHE202BMy— X6 0CWNAETSZ, EMBE20E2Ei
FT—ZA60INBELEZSL, EKBERE (IAET) 2By —ZA6 0CHEAT S,

{006 7]

(HOT#]

Ric, M8mIT &Ik, EMTyr—A600MOMBEAHOKT ORI HITIT 3, B
M, EWMD—F2 1 0KRUVCEABY—FR7 1 0MHIET7O0OWKBFIONEZERILTO a 50
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RUTObHALGZENEFNEBEMr —R60DAFICETZ EIICEHTT S, AEBEETI
AL 2RUCAERS 120, BEAALT0aRUTT7T0bDHhTHOKT OLGHIEND
ERITEEFEINS.

{006 8)

R, By — 2602 LBHT, H#UKT7TOXRBET S, BERMiciy, Ethy — 2 6
Oz, "LWEB60at,. W LOHW60bEREERHETS, PLOHEPG60ad, Ettsr—2
6 0flEmAEHRLAMICAD > THMERSTERERT S, /. PLHBW60 bk, Eithtyr —

Z6 0DHAOMOEEBE., hoA@micEPI UFTRICITDMMFTERT %,

(006 9]

HOK700EBMKMETHEEIBEINZWLA, HOKT00ERIZ., HOK7 0N EH 10
Y —RXR60DHOREERAT S LS. BEMFr—RA600ARLDIEHIBEERZT N &
BHELY, £, H#NE701EAT2EEL70aRTC70bOARIE., HOK 7 0L
AWML 2RCAERS 1 2D EETEEIOIC. AEB1I 2R UTCAETS 1 20ER K
DEHBE3BENIETNZENHEE LWL,

(0070])
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LTHEBEM300CTHZRBICLHEHINS,

(o0021] 20

B, FREEAXR 1 1 BELIUVABREEBR1I ACBYAFMHE ) —F2 0BX0AMKRNK
FU—FR2 1 08#HICE, THEDIRGERE, SRS HESREFARAVWSN S, A,
IEMi 7V —R20BLUEAMI FYV—F2 1 EMEEZ 1 8BLITVEABEEZ T 1
groEHICE., FAMNICAE, s-BESKESRERAVEN S,

(o002 2)

M3WE. FRMEEX]I 1 ZHAIZ22D0HARTHED, I3 ARZFEHK., K3 B
SARCBUYBZA-—ARCIHSHMANRTCTH .

(o002 3]

THREEXKI 1, FEEEMPACERINZHMEE 1 10 (BEB) OfMmicTwE
EMER 111 (BEM) DERIIEBELLTVS, 2F0, FWMEEELI 1IKB-T 30
HEE 110N BMEINTWVWEDTHS, B, AEMIFE 1 TIX, AMEER1 4.
FORBICERIELS. BFEEHD KKk (27N IZVLRBEREDEEBE
Y ELTWwW3,

(002 4]

FHREBEBMHBE1 11 (H3kERALEHBEL 1 0EKATZRZS>IBO—-AFES.

MF, ERMEERELI 11 LVIBHRRACE%CHE) FUITREREENSRLI 1L LLT
DBBABENN LA BENHES, HEBI10ZHAVI L TEMESEMRL 1 £4L
LTOBBMNEEEBEDHZLENTES, LD, HzE, BREEHE1 7T0HMNTO
OB AMEHN L TOMEIP S EY UEI BRI, £/, EMEENROAAM
S BB OB RNMBCE BENIEDIINTZ2MELE AL, T RE\EH L L 40
TOMAMEELLTEELEMNTES,

(0025])

EFHEEEMHERE1 1 10BRKE. TOEBNECEVTEIRTI1 226, ThtXRAM
DFE2WMM1L 1 3CHITCEMEERE 1 1 1DEZRZPELTAILSCERNZAME D
FTHEMRLT VWS, FLT. E2HE1 123 EMEF)—F20528%ITA5TLTE
BMEEME 11 1 ERMEERT I SLBEBIMEESELTVLS,

(0026

—H., AEMIEE1TIR. ABEERXR 1413, ZORHRIELBELS, BEARBH O —

B (T 287N L0l BER) ELTWVa,
(0027)] 50
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CDIHAICEMEBENRB 1 1 10ERRZEZIZELETERMEEREL 1 1 OEBEMAERKR
BB AHMEEDALVOERICHAREZDI T, HiumB@Eb-H0oEREDERE 1 2 &
HEOEREMNLEZZEI52CLTVEDTHS, CDEI3TZHCeT, SEMERB1 11
DEMAKETE., P FPEHHS., BIRHE 1 12H-6FE2WHB1 1 3HAmMIcELS RS
s T HEbE, F1IWMT 11 2HhLE 2T 1 1 3AACERIPLIOFENDTIERENT
WBHBDTH 5.

{002 8)]

Ll oT, RIEK3ARKRLEEBRa~fTOMET, ~TOomMEens L3I0l
i, FOABEa>b>c>d>e>feHhb, ALLAKa~fOMBET—EDME
Mooy —rEBERPAEITAIEFa<b<c<d<e<fthd. TEARAERBBEICENLT 10
B. fRa~To0xHhZThoRE, §xbb, B1IEE1I 1 2HhE2HE113~DAH
MICERXLT 4 (Affa~fDAM) TRRALCEBREBLURLY— MR LEZSoTWLS
{0029]

bhHic, P +FEPLEMOETLLOMBETE (1) BXU (2) XOBH»TH D

o

[0030]

R=(pL) ./ (tW) =Rs =+ (pL) /W - (1)

Lied->T, Rs=p .t o (2)

SXM., REEHM. RsW@&y—FEHA, tBEX, WRHE, LIEETH 3. 20
{0031]

(2) XIS, EMOEItHIZTELHNEY—FERPETILLL., EFOFENDPT INE-
T BT EHhbh 3.

(o003 2]

COEMEEME1 1 1R TEZ2RIECAIHFELL., ZOHBREFEOEELTH
50 _RBMIELZHOIOABERIPIREETIEEIND S, AMERBRNEZZHEI
Tl ZAREERRMOBAREBEERIAREBEERTOF VRS AMORERET
Hd. TOLIBBEBMABCBETHREBIPEELLBSK., CHREEEB11 122
CEALTHFIENBERICELIBEHENTCZTOR A RMRL CHYIN, TOBHTTCODE
WEIEDTLEDI TN TES, TOLI>BERHEREED b, IZET7 VI 30
LTE. 10 uymUTeT2cehFEFLYL, B, THRIE (REE< LB 1LMHBL1
28aF) KDODVWTEFHICHESNT, ERERICENTEIRNIMNROESTX I, BFIC
AERBHEIOIFE, MEREL10MNRITIOSNTVEI LY, EEEBRBEMTZOERNE
BTeERVWELESTLERAZR I ENTENEMER VL,

{003 3]

ZLC. COEIBTLKBOGBEZAVIEEATLEERL L TLERHERE, Db
AMBL—FPR2HEERIZICEDNTERZISOKCTEAEDICBICHRALE-ZEDEE%ERE1 11
CHEARBEUT Y- P ENOWARENTZDOTH S,

{003 4]

EWREFEEL 1. BRIZMBFERBE R, EELEEBUNCEBEMEGME 40
PRERAENI 2, EBRZAVIESCE., MIZE., LTI L0Eh, ATV
LAMELER VR CENTEE, A TELEFZENE. BHEHEMNEELSBHALS I
TIVIZTLDPEE LW,

{003 5]

—h. SEMBECE TR, E24 P EEN LR TEENGE,) FeFEEE O E
BURET 47— 2BELEEDODVINTH->TEE L, IHEKNIKCRITROLEEBYTH
%,

{0036]

(RO THEIPEEESHD T THIBE)

FT. BHICHEABRIZ2E D AIMEINEERNES F CHIEERZFHT S, DI 50
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A. EMEENERB1 1 1 2@ EEEG I FAFHAIGRZCLICR S,

{003 7]

BEMSGH FREEXZAL., EMBIRALLTAVONEAA VICALTIEESE R
BETXHAVHBADILOERENS, ChEDEEEGET TR, EBLERV T VRA T XL F
—HEER LZEEERT ELEZLONTWVSE, REAZHELTRERI T Y RET
EAEPEATVARRV I VREEEBYFERAVI LD TES, BhkMicix, KU 7
Z)ry, KYy¥u—), BVFF+7zx>, RU7EFLry, RURST Tzl v, BV 7T
=yl y, RV7Z20ag=b, RUFAFHI7YV—, FEEHhODRSG
MZEMFELY., BEfc8ESXUTCEMANATEEREHTZZ2 LI EAMS., RU T
)y, RUa—), RKVFFAT7 2y, RUT7ELFLYy, DX ELL, 10
{003 8)

(EEEMBMESLITCEESN (BERE757—) ZBLHE)

R, FEEUMBCEER 75— 23R EEODVTHBEAT S, COEE. EAE
EMBE 11 1240, FEEXEHIBCYH - CEEE 7 S—ZRALT. 2L LTEE
MHEEE DA VENS,

{0039)

BEM T 47—, SEREATIMEIEREIRIN S, HELEF. é%&%ﬁﬁé
BIEBNODAAXYEREZMHIT2BEALS, EMBHBRALLTHAVOAZ A4 ICEAL
TEHREEZETEZVHRAZHVIONEEL L,

{0040] 20
HEEXN 7 S5S—DE&HMELTR. 7VWIoY LM, AFYLARA(SUS) #M, 57
TAMRH—RKRYTIvIBEDA—RKRUM, BHM. €M, M. FEUHZENETS
Na3N, TNHIKBEZNZI DI TRAV, TNHLDEEN 74— B I EHBTHWS
nTtdXL, 2EUEHHLTBEEV, £, CTN6DFEMHBPHOVLLENTE X, ¥
FLLR#BEM, &M, TIVIZTLM, AFYLAM, A—FR UM, TbicHFELLRH
—RUMTHB, FRhenoDEEET 5 -3, fRtEII v 7HAPEEMEOR
DICHEBERMP (LEEER 705 —) 2D EFca—F 1+ V7 LEEDOTE L,

(004 1]

¥k, BER T+ 7—0OFIK (EBE) &, MrEETHVLIUE X0H, R rBEEICES
N, A=RyF /) Fa2—-—TEE. Vbwd 7T S—FEBEXEMBHUEME L TEHILE 30
NTVWERTFREUNDIEETH > TE XL,

(004 2)

HEM 7 7—0OTFHRNFREI,. FUBEBEIN D LD TEAVDS, EHBEE%HEL 1 1
KBS ABOEIZZEINE. 0. 01 ~10pumEETHILEHEELL, OF
DEHMEENLFE L 1 1OEXZBRMEIO0OumeT ZEEE, chtibREhESEETI 5
—ZRAV3 L BER T S—HAEMEENEE1 1 10RETEEITLES CLitkhb,
RANAEAEIESDENRETAFERACEA > THFELLAVWDOTHS, tBEAAEMES
HE111OETER2EIINIIE, S 707210 mUEICLTEELEZRL,
{004 3)

T, BIEBPEER 7 S— 28RBS, MEBEFEKRT 28X, SEMHY 40
47—kmxnxéﬁ&7r7 RESESRIBEHOLVERD FHAESATLTE &

VW, BMEBOBRMBELTEY FMEERAVSCE T, BER 7 S—0EEEEZE D
RBECARBEMOEEHEEGHIZIIENTES, GLFMRZE. NMENBE/EEMNE
FUEBMEMICMI I AWM ERINS.,

{004 4]

FEEHOMETHSL2a0FMEOBE LT, FELLWR, RVvFLy (PE) .

RV 7ua¥ly (PP), RVLFLYFLI7EZL—F (PET) . RVIT—F)b=ZhY
W (PEN) , RKVDALAZTRF (PI1) ., KUZ7IR (PA), RUF+FST70F4oxz+L »

(PTFE) . AFL v 742YxrydhL (SBR) . RU7ZVna=r)L (PAN) .

RUVAFNNTZUL—F (PMA)Y . BEVAFILAZIVL—F+ (PMMA) . KU KL 50
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=) (PVC) , RVT7wfkE=1)F>» (PVAdF) , TRFVHEE. s
RHehhrHFohs, ChoOMBEIEMENFEEKIASCEBELMNM. ABEMOWLTHIC
HLTLRETH D, BB THIID., —REHMOFHAEBEILINATREL & 5.
(004 5]
JEEMEBBCHTIEEE TS —DUFEZ, FBEINT, tTHBEEVHEMR
ThTtvhid kv, ez, Aoy GEEERoBLZTotoRNFEZE 28T
) BXUEEME 707 —DFFHCHLT, 5~90wt %, HFEFLLWES5~40wt %D
HEWEZ7 45— ZHESCKRET S, 5~9 0wt URBRETHIAIIEENLZHHET I LN
(00 486) 10
T, BIERIACHERNZANEEOCE. HFELLRBS5S~40wt %RRELTSC
CTHRENZADLR LD TE, B (BEKR) PEET S,
{004 7]
HMEAELCHVOhAHES D FRBICEEENZ O TR EVY, LA TFidD
oMoy rHHENERAINIZ, TRXFIVEE . AFLY—ZFLY-—TFLY-—RAF
Ly7uayw s £EE5K (SEBS) ; 727Un= k-7 AFLyHESK
(ABS) ; AFL v 72>y dh (SBR) REDEHKALMEDIEFH, RUVLFL
Y (PE) ., XYV7u¥¥lLy (PP) ZT0RVFL T+ BRUTFLyFLTEL—F
(PET) . RUTZFLYF+T7EL—F (PEN) FORVTZZAFN: ¥Ua—-r, RY
AIF(PI) ; BUFPIR (PA) s BUTZwk¥=1)FY (PVAdF) ; EUVF+F 20
ZFvexzF LY (PTFE) ;R 72vo=r0A (PAN) ; RDAFLT72V L
—hF (PMA)  KURAFNUAZZVL—F (PMMA)  RUEftE=ZL (PVC) &
ENRNEFONZE., ChoDES MG, 1HEEETHVT LWL, 2HEHEALTE &

{7

(00 48]

. BERE T 7 —BLUHEEROMEOM. MOEFEMAEZIATLTE X,
(0049]

CHhoEEMMBICLIZ2LAEEER1 1 13 (G2 FMHEIEERGE P FTHIEE
CHEEMHMBILEENE 75— 23 8BEDOLEELE) #RAMO FHEICEIDEECE
B, 23, BEMB Y FHMHRERREER 75— SCEEEERH FDODRAT Y — 30
ZFHRAEL, ChEBHLELIEZ FESBTONE, BERNICRELEZE, AT —#
RA—=T A VT BERCEOARLEAS V%, BORPEEZILD., MOBRDOERKLRD / X
NEFRTA2ZELT. BHOMPCHDIVWIIEBNICESZZXATRMT D, SA 0P
Ty PARCEDEHTZ T LEAAETH D,

(0050]

R, WHEB1 103, AVI3HMREOBHNBEIIGC TCHERNIBOEAL LT 3
s LA L, ETE¥TLREZELZ I TORMBILBEUFICKRZ{ES RS, AlAdEZRA
VWHIBARBHBEBLI IO0DEILLT10~30umic THRIBZTENEFTLL,

(005 1]

COWMMEL10NDERI, FREEEE 11 1DETOHBELERIFNEICKSD XI5E 40
KT 2, CRICKXDEBMEER I 1L LTOERR ~BIKEDEHNTE, CVTIEHE
MB16ELLTOERE ~FILRENT, REBRE 1 7TZHMNTI2BICHEHRE 1 6 B 5
BICHBINZZERRBIZRIENTE D,

(005 2]

B 11 oEMAKTAMBLELTR., xR, BEoEhic, 53 vy, £53 v
sEBEOHARZLEORBREMEIETONS, M TLHBEBOERELLE L E A YD
G, HEBOBRMEREETHACLAFE L. CORMEBEL. FIKHEB IRV,
frezxid, RUALAIRF (PL)Y . KVxzFL 7L 7%L—F (PET) ., RUZT S VUn
ZhMUNWA{(PAN) . KUFa¥ly (PP, RVZFLY (PE) EMHLLEAS
Ho THTE, MBMRLVWIBREAMSGERR, RVAIFELERYVZFLYFLT7HL—F 50
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gL, KU AR FLL, 2, RV FOEEMNEEHEL TR, A

Y (BEREE NBEFoN S,

{005 3)

BB, AZBERED - REMCHEAINICHBEHYE. ABEYWEBSLUEREGIIOL
T, BEVFOLSAFT Y _REBEMICEHEN2WEL2EHITHELILFEREE ARV
THMALERT S, o, ARMBEO _XEthE LTV F T LTy ZREWMUHAD
ZRBMMETRIHEAGICE, ThHcAabEREEMEERAINEIVWIERRIETL AL
{005 4]

(HHE i) 10
Rie, LRl BEBHMOFNALED -DTHA2MEBEMICODOVWTHHAT 5,
{0055)

M4, tRL7 - REMHOBAINIAETHORENEZEZRBEOHABR TCH > T
HAABHEROFEK, M4BRMEEMOIrmKNTHY, M4 CiIHEMONEK T
H5.

{0056])

MA4wmd LI, HEM3I 00, ¢, LRLAZ_XRB\EBHMELEK, BHB XTI
CHEELTHEBE®H 2502 BR L., XOICCOEATH 25 02EHR. BB ITIETICHE
LTV, Thickh, BhBIILVF—-FE., GhEENWEBENINRDOONZHGEEHTH
AEHFERCHER CELZHE®3I00L k5, 20
{0057)

HBH 250, "AN—OEIRBXANEEHFREAVCTHEKCER L., EHRER
S1OZRHVWTHEEREZNS, B 250, BHEBE3I10ICE>TLHEDPFS
NBZ27HHEM3IO0ORNLTEREBETREE D TWVS, T, HEM3I OO0 IKHARAD
HEM2 5008 BLUFToEEEE (EFA X)) X, ThEE&IT I 2ER (XA
FELLE) WL BLILZIEMBFEPHA KB U THRDAE L0,

{005 8)

B, HE 25 02 MEAIT 28040 -~ REM 1 OEKEBE (AFH»AETH) D
WTERIBZBETHD, METHIHAEERLEHMBFRERCIB L THRDNE L,

(0059] 30

(EH )

Ric, LR LE_REMOFALED — D THI2EMNDEHICODOVWTHMAT 3,
{0060])

Ks5ik. EdL7z-REMEHZELEEMOFEZFHBATZ2ZDOXTH S,

{006 1]

AEMIEEDO " REBEHWEHMI, XS LELALZHEMRSIOOODEREBICHALIFT, K5
IR XHe, REAXESEHFEA400DI > HEMICEHEINS S, BXEHEH4 0
OiIcEHEEN/Iz_RBHEHIZ. HIZE, EE§0FE—-2Z2PHIT2ERELTHVWENS
3%,

(006 2) 40

MRLAEESEHDIEA00DH TR, EXBHE400D0FRAPRKOERE T icHlHit
300%ERLTVD, EFTKERIWE, ENTHMELTIFS Y 27— LELL{WS
TENTEZHh6THS. A, AEM300XEHITIBERI., EETIKES . %5
PG IN—LOFHTHEEVL, EEBAMMAOI VI VIL—LTHER L,

(006 3]
DEMALEAEBEEICINE, UTOL> B RERET S,
(006 4]

AEMIEEOEBMETHAH L 1. FREF1I 100 mMELIAMICEBEEMHB L 1 1
EPHBEETRThELIBEELE. TLTEEESEHERBL 111X, %1%%112#6%&&
BEMUOF2WME L 1 3AMCERAEL A LS CEBARPHF LR, BHIkMIC 50
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BEMNFEIWEL 1 2H6F2HBL 1 3AMICELHDZES2ICLTWVWS, LT,
EREEXE 11 1REBIETI12H6F2HT1135AICY— FERAPELSI K- T
EMATRNR IS A>TV B,

{006 5)

chickbh., F1wBri12Ur»rs5F2mB1L 1 3PICHTFEERIBIMEAHIMIC
MEL Y, hOBABLAKELRDCENTES, LEEN->T, ZXBEWM I oEHhZE
Mol eE, BXURET S L EICE, ERIMVPEAITIEBRMEEZ T 1 8 2EHET S
BN TARBZR S TERZFR I CLAHaGEL LD, TOMR, EWEEXT | 8BER
ENTEFHRVERITZIHEIVIHMNCRATEZ IO AL HSED, Bk LT
LIRE ERZHACER VPR, LERSTRRBRICIZAMEHOD AP0 T XEH 10
tixb.

{006 6]

FrCoOBKRCED, +9EAREL— M E2HERITIZ LN TEIRORAMEREN &
7%,

(006 7]

Flo,. EMEERE 11 10FE%2, _REMALTERPEC LRI, TOERELER
BELORZTYNZETLITRET. WEFHROMAREZRALITZ N TESE, LT
ERDEILEBEEEBL 1 1OERETZLT, FOXICBELILEBAETE T
DHEAREL - E2ERIBRIEHTES,

{006 8] 20

Fh, E1 1028, COHBEB1 10K TERMEERE1 1 1 2#EBL
CeT. EMEERE1 1 1 TR I35 BEEZRLICLNTERVWREATE. EWE
BRI 1AL TR,. P hBELZERTZCENTES, LML, BB 1 013,
FORIBONEZEBEELE 11 1 OEBOAREFARE LI ET. EWMETKI
1 LTRTEHEBELIZCENTES, 2O, “REMEZBKITZEBcRDICE
BEhzcehxd, HITFEI K,

(006 9]

¥/ BEARR. F1HEB1 12,0 FE2HMB1I 13 AMICETTSZAHAAKIEENT
BHI-OA—HEEB:AZ3L53CLEDT, FREEEB1 1 1D0BREE2ZEZZ2MILESR
TH3, 30
(007 0]

¥lo, AEMBREO _REMEEBERLZHAEM2508X0300&T52ET.
TFESELRHNEESPEMBRELITZ LD TES, Lhe, —DUOEDDOEMIIAEM
BFEO_-XEMTHZI2DT. AMNEREIIVOTEHEEREICBLELODERDS, TOT
BWERABRICEVWCLEELELEN L, BLVHAEEET S,

o007 1]

EHic, LanfEMI OO ERAVWAELKAHHEI 00K, IEM3 00N HERERIK
BOTHLHEELRE ML, B AtEE2E3 20T, EfEMERALTE takhH hEziR
MLIB, LT, TNEHEBMIELZ LI LT, —XEMOIHREKL L ELTE
VEBIE, RBREIZANEROD AL P AVLOT, BBCENELERAHE, N1 7Y 40
wFESHEZREHETE S,

(007 2]

[RiEEHE 2 ]

K6k, RIEFE2D _ XREMEZHHATLH2-HOELHEARKTH 5.

{007 3]

AXmBE2O0O - XKBEH213. ABREEXR 1 A2 EEENMATHERINZIHEB 1 4
ODOMEIKAMEEEEI1 41 2ZEKLELORERALTVS, AWEELEE1 4 1 LL4
DMOWRIE, EMPEI LRAKTHI2OTHHARER T . 2., AREEMNLEB1 4 1
. M6KRLEMEE I 40Z2FAT2HRZIBD—AZ55. UT. ABEENKE
141 VWS BAERRALCE%RTH S, 50
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(007 4]

CCTHWTW2AmREEMEE1 41 CEEM) F. E1HET1 42026 FNERER
MEUOE2IHT 1 4 3FCHFTERPFELI XD LIS5CEBRLTVS, ABEELT1 9
(K281 Z2EXNCESITIABE TV —-F2 1 EHKIILS

Chickh, ABEEEB 1413, F1HEF142H5F2HMB1 43 AmICEAMM
MHIEZDVDODEBRDPEL B> TWVD, CHRMEVZTOY—FMEPIEE1WMT 1 42058F2
WIS 1 43 AMEKSE>2T VS, bbb, E1HB142Hh6F2HE 143 FRAK
BRIABNRTLSAES2TWNBEDTH B,

{007 5]

B, A BOAREEAR I 4dald, MEBI40KKNLTEREWAEAB L 2T 10
Z2RABEEMNEI1 41 DPERINBZAFCOHABEENB 14 1PERENThKS,
{0076])

COABEERB1 413, AVI3MEIICHCHIEZL ., 7L2E, €¢BCEERS
FERARATAS 3, BEANKE, 2BOBAE. A, v i, 8. A7 YL A%
EDEBMANBFONS, A TE, EFrnE%, EMEHNEM LB ALSE. M
WEE LW,

(007 7]

— 5. AREREE2 T, ETHRESK]1 13, TOERCECEARL, BFHBLH D —

KA (2B 7 VI L0z loeBER) LT3,

(007 8] 20

EREFEEXI 1 EZEZE, BIRDVTHNEEFEBEZLEVWTIVLIZTLATHEREL.,
EREEMEE1 41 Z2HO0FECLEDIIICESCARARFLBEHBBLETELEDNT
B, CODEE. TIWIZHLOMAE (660C) v Mot (1083CT) AEL
IeHic, ABEBIRELERE., 7TUWVIZOLANBIEIRKRIODVWTEELALS T AR
EYh 3,

{007 9]

Flh, R, N7 ART L3k, AEBRE2O _XREHW2 TEHOBMICHNT 5 H
FEHRIOOOMNEELI-EEG., TREEK 1 | HPHETETNTEL., SEERIOOHNEHEMHE
1 SCEMLTCOVWAEODTHMEBERL LTFHTS, CcORHHEIETIHEER]L 6 DM T
BABEEMBE 1 41 BEUTABEEX T 1 92ZB L TCEREARAER SN TEKERI 30
BihgTs., a5, ABEENE 1411, N2KBLTABEEHRL 425807
2305, ZTOBE2HT 1 43P ABEEZXFT 1 9LV EVIEERNECERZATY
%,

{o080]

ZCT, ABMEENT 14 1 0BA2EL, FLABRRREIER3 umMd FEERTH
. ATH-oTEBRMICEALILDAEARLIZYNG, CODANMEKRBPREELEBEK
. ARERTNORBICEIBELINY. ZOFBECEKRIMICERZERT LN T
ERAE
(008 1]

AE., SIERCEBECOREEOTHM FICE 1SS ko> TEBICHREENT, 40
BHRHAERTCENTESIRDPBEOESTEL, BICAEBREICHS L TE., #HEE1 40
NHREIFESNh T3S, £BERBER T, TOERIMEFECEZHVIELEEL TLERER
TTEATENETHER L,

(008 2]

— A, HEB140RBABEENE1 4 1 0OELDAR LN ABROEATEREIATL
5, COMMBELA0KKOWVTWR, EMIFELITHHALEZLDELERALTILDT, #Mk
FHHTAEKT S,

{008 3]

¥, ABEEROMBLE L TEEEMEZAVIEEL. EEFE 1 CRFKFOEEHR
HWMEZH WS CENTZEZ, 6K, AEBREE2ICBSVTEEXBIE L BRICD F 7L 50
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AF EMUANAOEMTLHEMAAETH D,

{008 4]
UEHBALEARBREE2KKEINE., UTOXIRGREET S,
{00 85)]

AXRBIFEOEABEEMK 1 4L LT, @B 1 400 EE-RIAMICAEEEENER 1
4 1 ZHBAETETHEZBEL L, TLT, AWMEENTER 1 4 113, F1WHB1L42H56
FNERIRMAFOFE 2B 1 4 3FMICEBNEL AZLIICHABERFREE. FE2WE 1
A3MNCEMEEXR T I OZERMICERFLT VS, BEANIKEIZZTOEXIN, B 1P 1
4206 F 21 43AMKCELRZE3 LTV, LEDN-T, EBMESEHEB1 4
1B BEIHMB1 42010 2HWHE 1 43HAMICY— M RADELS A>TV 3S, 10
(0086]

chickb, FBlrims142RroF2mMB 1 43T FEFTLIBMAMABIC
INEL D, hOBBEBLRKEZIRODTEDNTES, LD -»T., _XEM2ehoE/ELHE
HOMg L, BLUCAET I ziclk. ERIPEVTIZ28MEEXT | 9 EHET BN
KB TRBEF - TERERI LN RELLS., TORR. ERIVEPITZ2AMES
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BATTERY PACK, TOOL BATTERY AND BATTERY OPERATED TOOL

Field of the Invention

The present invention relates to battery packs, and to tool batteries and battery operated tools. In
particular, the invention relates to a battery pack suitable for powering a hand held cordless

power tool.

Background to the invention

Power tools and in particular hand held power tools are increasingly relying on cordless
rechargeable battery packs as a powering energy source. Such battery packs are preferably
compact and lightweight, but must still deliver relatively high current and voltage for powering

the tool motor.

Summary of the Invention

The present invention provides a lithium-polymer based battery pack, a lithium-polymer based
tool battery and a lithium-polymer based battery operated tool as set forth in any one of the

appended claims.

In particular, in a first aspect of the invention there is provided a lithium-polymer based battery
pack for powering a hand held power tool or garden tool, the battery pack comprises a housing
selectively connectable to and supportable by a hand held power tool or a garden tool, at least one
battery cell located within the housing, the cell having an output voltage of at least 4 volts and
producing an average discharge current of greater than 10 amps, wherein the battery cell has a
lithium-polymer based chemistry and a nominal charged internal impedance of less than or equal
to approximately 10 milliohms. Preferably there is a plurality of battery cells located within the
housing, the plurality of cells being interconnected to have a combined output voltage of at least
4 volts and a combined average discharge current of greater than 10 amps, wherein each cell has
a lithium-polymer based chemistry and a nominal charged internal impedance of less than or
equal to approximately 10 milliohms.

In a second particular aspect of the invention there is provided a lithium-polymer based tool

battery comprising a battery housing selectively connectable to and supportable by a hand held
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power tool or a garden tool, a plurality of substantially flat battery cells stacked within the
housing such that each sell is layered with an adjacent cell, and a resiliently deformable substrate
located between the adjacent battery cells, wherein each battery cell has a lithium-polymer based
chemistry and a nominal charged internal impedance of less than or equal to approximately 10

milliohms.

In a third particular aspect of the invention there is provided a lithium-polymer battery powered
tool comprising a tool housing, an electrical motor in the tool housing, a motor controller for
controlling power supplied to the motor from an electrical energy source, a battery housing
selectively connectable to and supportable by the tool housing, and a battery within the battery
housing for supplying power to the motor controller and motor when the battery housing is
connected with the power tool housing, the battery comprising one or more battery cells, the cell
or cells being having a combined output voltage of at least 4 volts and producing a combined
average motor supply current of at least 10 amps, wherein each battery cell has a lithium-polymer
based chemistry and a nominal charged internal impedance of less than or equal to approximately

10 milliohms.

Further aspects of the invention will become apparent from the following description which is

given by way of example only to illustrate the invention.

Description of the Drawings

Various embodiments of the invention will now be described, by way of example only, with

reference to the accompanying drawings in which:

Figure 1 illustrates a power tool battery,

Figure 2 illustrates a cordless power tool,

Figure 3 illustrates a lithium-polymer based battery cell according to the invention,

Figure 4 illustrates a cell pouch for a lithium-polymer based battery,
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Figure 5 illustrates a swing of the five battery cells having terminals welded in series prior to

forming into a stack of Figure 4,

Figure 6 illustrates a stack of five interconnected lithium-polymer based battery cells forming a

tool battery according to the invention,

Figure 7 illuswates a battery cell according to the invention and a resiliently deformable cradle

for the battery cell,

Figure 8 illustrates a second view of the battery cell and cradle,

Figure 9 illustrates an explored view of a battery comprising a polarity of lithium-polymer battery

cells,

Figure 10 illustrates a first perspective view of a battery case for a lithium-polymer based battery

according to the invention,

Figure 11 illustrates a second perspective view of the battery case for a lithium-polymer based

battery according to the invention, and

Figure 12 illustrates different connection arrangements for a stack of lithium-polymer battery

cells.

Detailed Description of Preferred Embodiments of the Invention

The following description is given by way of example only to illustrate embodiments of the
invention. The terminology used is for illustrative purpose only and is not intended to limit the

scope or use of the invention, unless the text clearly and explicitly requires otherwise.

Figures 1 and 2 illustrate a typical tool battery 10 and a cordless (battery power) tool 20. The
illustrated tool 20 is a drill or driver having a tool housing 21 and a pistol type handle 24. A
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motor 23 (indicated by broken lines) is located within the housing for driving a tool output 22. A
battery 10 is connectable to a supported by the tool handle 24. A tool controller such as a trigger
25 1s located adjacent the junction between the housing 21 and handle 24 for coupling energy
from the battery 10 to the motor 23. This is, however, not intended to limit the scope of use of a
battery according to the invention. Such a battery could be used in other types of cordless tools
and in particular in hand-held cordless tools or in cordless lawn and garden equipment such as
lawn mowers, hedge wimmers and the like. Such a battery could also be used in floor care

products such as vacuum cleaners, hand-vacs and cordless sweepers.

A preferred embodiment of a battery for such types of cordless tools has a battery pack housing
11 have a mating face 12 for connecting to the tool. The battery housing 11 is selectively
receivable with and supportable by the tool housing via battery connection features, and may be
selectively separated from the tool for charging in a separate charger (not shown). One typical
embodiment of battery mating features is illustrated in Figures 1. In the illustrated embodiment
the battery connection features are a terminal post 13 and battery terminals 14, 15 on the post 13
for connecting the battery energy sources with the tool conwoller or wigger 25. In alternative
embodiments the battery connection features may be slide-type connection features or any other
type of battery connection features known in the art. The type of battery connection features in

not an essential feature of the invention.

Figures 3 to 11 show details of a battery 40 for location within the battery pack housing 11. The
battery 40 comprises a plurality of substantially flat lithium-polymer battery cells 30. Each
lithium-polymer cell 30 comprises a first elecwode sheet 31 and a second electrode sheet 32
laminated to respective sides of a polymer based separator substrate 33. Connection tabs/tapes
34 and 35 are connected to the respective first and second electrodes sheets 31, 32. The first and
second electrode sheets 31, 32 may be any of the lithium-polymer cell anode and cathode
combinations known in the art. The polymer separator 33 may be a dry solid polymer electrolyte
or porous or micro-porous polymer substrate holding a lithium based electrolyte. The particular
anode, cathode and lithium-polymer separator chemiswy of the cell is chosen to provide a
nominal charged internal cell impedance of less than or equal to approximately 10 milliohms.

Each cell 30 may have a typical nominal cell voltage of between 2 volts and 4.2 volt and a
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nominal amp-hour capacity of greater than 1.5 amp-hours. Each cell is preferably, although not
exclusively enclosed in a flexible and lightweight pouch 301. The pouch 301 is formed from, for
example, an Aluminum laminate film that is folded around the cell 30 and sealed along the three
adjoining sides 302, 303, 304. The connection tabs/tapes 34 and 35 protrude from the pouch

between the sealed edges of the film.

A substantially flat cell 30 according the invention has a cell length L, cell width W and cell
height or thickness H. In the preferred embodiment the cell thickness H is less than 10% of the
cell width W. This provides a substantially flat lithium-polymer cell which can be stacked in
interconnected groups, as illustrated in Figures 5 to 11 for example, to form a tool battery. For
use a tool battery a plurality of the stacked battery cells 30 should have a combined output
voltage of at least 4 volts and as high as 40 volts or more. Tool batteries are typically available
in stepped voltages of, for example, 4, 9, 12, 18, and as high as 40 volts for some lawn and
garden type tools such as lawn mowers. In order to provide sufficient torque in the tool motor
the combine average discharge current provide by the plurality of battery cells 30 should be
greater than 10 amps, but more preferably 20 amps, although different tools and tool motors will

produce different average battery discharge currents.

The tabs 34, 35 from respective ones of the stacked plurality of battery cells 30 are connect
together in series and/or parallel in order to provide the required average discharge current and
combine output voltage of the battery 40. The connection between the respectively terminal tabs
34, 35 of adjacent cells 30 must be of a lower resistance than the internal resistance of the cells
30 and preferably of a very low resistance so as to prevent heating in the interconnection joint
between the cells 30. It is typical in battery manufacturing to interconnect adjacent battery cells
by welding respective cell tabs at a weld joint 38. In the preferred embodiment of the invention
each battery cell 30 has its respectively pair of tabs 34, 35 on different edges of the cell 30 and
preferably on symmetrically opposite edges of the cell 30. This arrangement allows the plurality
of cells to be easily interconnected in a string of cells 30 by jointing respective tabs 34, 35 of
adjacent cells 30 with a weld joint 38. As the terminal tabs 34, 35 of the cells extend from

opposite ends of the cell 30 the weld joint can be quickly and easily formed by a weld between
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adjacent cells 30 without potential for bridging or shorting adjacent terminal tabs of the same cell

which in prior art battery designs may be along a same edge of the cell.

After electrical interconnection of the cell tabs 34, 35 the interconnected cells 30 are formed into
a vertical stack of cells 30 as shown in Figure 6, for example. In a vertical stack of cells each cell
30 is lying over or under an adjacent one of the cells 30. Although in the illustrated embodiment
the cells are stacked vertically with reference to the horizontal plane this is for illustrative and
descriptive purposes only and the stack of individual cell 30 may be stacked with each cell lying
in a vertical, or any other, plane where each cell 30 is layered with an adjacent one of the cells 30.
For the purpose of describing the invention, stacked means each cell lying in adjacent parallel
planes. During charge and discharges cycles of the battery the thickness H of each cell 30 may
very normally by up to 5% of the cell thickness H. In order to accommodate this variation in cell
thickness during charge and discharges cycles the cell stack includes a resiliently deformable
substrate 37 interposed between each adjacent battery cell 30. The thickness of the resiliently
deformable substrates 37, and thus the distance between adjacent cells, is preferably between 5%
and 10% of the normal cell thickness H in order to accommodate for variation in individual cell
thickness up to 5%. In some embodiments the resiliently deformable substrate 37 between cells
30 may be provided with a thermally conductive characteristic for conducting heat away from the
cells during charge and discharge cycles. For example, the substrate may be resiliently
deformable and thermally conductive, or the substrate may be porous, such as a spongy material,

and impregnated with a thermally conductive substance.

The cell interconnection tabs 34, 35 extended between adjacent stacked cells 30. To support and
protect the interconnection tabs 34, 35 from mechanical damage in some embodiments of the
invention a guide member 36 is provided at respective locations adjacent the edge of the stacked
cells 30 to abut the interconnected tabs 34, 35 between adjacent cells 30. The guide member 36
has a convex guiding surface that abuts the joined tabs 34, 35 extending between the adjacent

cells and supports the joined tabs about a smooth radius between the adjacent cells 30.

The interconnected stack of cells 30 forming battery 40 is located within a battery pack housing

such as housing 11 of the battery of Figure 1. It will be appreciated by a skilled person that the

EXHIBIT 1002
Page 1606 of 2235 petitioner ADC (IPR2024-00577)



10

15

20

25

30

WO 2014/206323 PCT/CN2014/080868

battery 40 constructed of pouch cells must be physically and mechanically supported within the
battery housing 11 against mechanical vibrations and shocks that might be experienced during
use of the tool to which a battery pack 10 is connected. Figures 6 to 10 show a cradle and shell
arrangement for mechanically supporting a stack of battery cells 30 within the battery housing 11
in some embodiments. Figure 7 shows an individual battery cradle 39 for supporting a
substantially flat lithium-polymer battery cell 30. The cradle 39 is a flat substrate of resiliently
deformable material such as EV A foam or the like and has a wide cell-channel extending through
one face of the substrate. An individual battery cell 30 locates within the cell-channel for support
by the cradle. The cradle 39 has side edges 40 to provide mechanical protection for the sides of
the battery cell 30 and integrally combines the resiliently deformable cell spacer substrate 37,
below the cell-channel, and cell tab guide 36 into a single protective cradle for an individual
battery cell 30. Figure 9 shows a stack of battery cells 30 each held within its own individual
resiliently deformable cradle 39. The cradled stack of battery cell 30 locates within a cradle
frame 43 and 1s fitted with a cover 42 in order to mechanically hold the stack of battery cells 30
together. A printed circuit board assembly (PCBA) 44 can optionally be attached to or
incorporated with the cover 42. The PCBA can contain battery pack electronics and protection
circuits. The cradle frame 43 supporting the battery 40 is located within a battery housing 11.
The cradles 39 and cradle frame 42, 43 are preferably a “friction fit” within the battery housing
11 such that the battery 40 is mechanically supported against and variations and shocks

experienced during use of the battery on a power tool.

In some embodiments further mechanical protection of the pouch cell battery is provided by
enclosing the stack of battery cells 30 within a shell or case 50 as shown in Figures 10 and 11.
The case 50 comprises a case enclosure 431 having a base and four surrounding side walls
defining a cavity into which the stacked battery cells 30 are located. A cover 421 is fixed to the
tops of the four surrounding side walls to enclose the cavity and stacked battery cells 30. An
opening 51, 52 is provided in each of the opposed end side walls of the case enclosure 431 to
allow space for and accommodate connection access to the interconnected terminal tabs 34, 35 of
adjacent cells 30. The free end terminal tabs 341 and 251 of the stack of cells 30 pass though
respective end openings 51, 52 and are folded through substantially 180-degrees to lie

substantially flat with respective upper and lower surfaces of the case 50. The first free terminal
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tab 351 of the stacked cells 30 is folded back against a first surface of the case 50 and electrically
connected with one end of a conductive lead strap 54. The second end of the first conductive
lead strap 54 has a first exposed connection terminal 53 of copper or other electrically conductive
terminal material. The conductive lead strap 54 is preferably a copper strap having an insulated
coating such as a polyurethane insulating varnish. The terminal end 53 of the strap is free of the
insulating varnish to allow for electrical connection to the strap. The second free terminal tab
341 of the stacked cells 30 is folded back against the second opposite surface of the case 50 and
electrically connected with one end of a second conductive lead strap 55. The second conductive
lead strap 55 extends flat with the case surface around the side of the case to the first surface of
the case 50 where it is provided with a second exposed connection terminal 56 of copper of other
electrically conductive terminal material. The second conductive lead strap 55 1s preferably a
copper strap having an insulated coating such as a polyurethane insulating varnish. The terminal
end 56 of the strap is free of the insulating varnish to allow for electrical connection to the strap.
In some embodiments auxiliary conductive straps 57 of a type the same or similar to first and
second conductive straps 54, 55 are provided for providing addition signal connections to the
stack of cells 30. For example, auxiliary conductive straps 57 are preferably provided for each of
the interconnected terminal tabs 34, 35 between stacked cells for providing means for measuring
individual cell voltages. Each auxiliary conductive strap 57 has a connection terminal 58 at its
distal end. Auxiliary conductive straps 57 may also be provided to temperature and other sensors
associated with the stack of cells 30. A printed circuit board assembly (PCBA) can optionally be
attached to or incorporated with the enclosure cover 421 or within the case 50. The PCBA can

contain battery pack electronics and protection circuits.

Within some embodiment a small PCBA is attached to the tabs 34, 35 of the battery cells. Such a
PCBA can comprises a sensor for transmitting a voltage dependent sensor signal to the battery
controller 44, or a battery charger controller for determining cell voltages for using in, for
example, cell balancing operations. In a further embodiment of the invention one or more sensor
elements can be located between adjacent cells for measuring temperature and other cell
characteristics. In one embodiment a pressure sensor is provided between adjacent cells for
detecting expansion in cell thickness during charge and discharge cycles. If pressure or

deformation of the substrate between adjacent cells exceeds a threshold this may indicate an
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abnormal and possibly dangerous cell condition. Signals from such sensors are transmitted to the

battery controller 44, or a battery charger controller.

Traditional lithium ion cells used in tool batteries are mechanically contained in a strong
cylindrical metal can. These cans are grouped together to form a battery and located in a battery
pack housing. The interior of the housing has a first housing volume and the grouped cell cans
defines a combined battery volume. The fill-factor of a cylindrical body in a substantially square
or rectangular housing is at best P1 divided by 4 (IL4) or 78%. The stacked flat cells of the
present invention provides a ratio of the combined battery volume to housing volume (fill ration)

of greater than 80%, allowing for a smaller more light weight battery.

In the various embodiments described above the battery comprises a plurality of interconnected
cells. In at least one alternative embodiment the battery may comprises just one lithium polymer
based chemistry cell. In other alternative embodiment the battery may comprises between 2 and
20 interconnected cells, or more preferably between 2 and 10 interconnected cells. In yet another
embodiment the battery may comprises between 3 and 5 cells interconnected in series. In the
various embodiments the cells may be interconnected in series, in parallel, or groups of series
cells may be interconnected in parallel in order to obtain a desired output voltage and combined

average discharge current.
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CLAIMS

1. A lithium-polymer based battery pack for powering a hand held power tool or a garden
tool, the battery pack comprising:

a housing selectively connectable to and supportable by a hand held power tool or a
garden tool,

a battery cell located within the housing, the cell having an output voltage of at least 4
volts and producing an average discharge current of greater than 10 amps, wherein the battery
cell has a lithium-polymer based chemistry and a nominal charged internal impedance of less

than or equal to approximately 10 milliohms.

2. The lithium-polymer based battery pack of claim 1 further comprising a plurality of the
battery cells located within the housing, the plurality of cells being interconnected to have a
combined output voltage of at least 4 volts and a combined average discharge current of greater
than 10 amps, wherein each cell has a lithium-polymer based chemiswy and a nominal charged

internal impedance of less than or equal to approximately 10 milliohms.

3. The lithium-polymer based battery pack of claim 2 wherein the plurality of the battery

cells comprises between 2 and 20 cells interconnected in series.

4, The lithium-polymer based battery pack of claim 2 wherein the plurality of the battery

cells comprises between 2 and 10 cells interconnected in series.

5. The lithium-polymer based battery pack of claim 2 wherein the plurality of the battery

cells comprises between 3 and S cells interconnected in series.

6. The lithium-polymer based battery pack of any preceding claim wherein each of the

battery cells has a nominal amp-hour capacity of greater than 1.5 amp-hours.

7. The lithium-polymer based battery pack of any preceding claim wherein each of the

battery cells has a nominal cell voltage of between 2 volts and 4.2 volts.

10
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8. The lithium-polymer based battery pack of any preceding claim wherein the battery cells

have a combined output voltage of between 4 volts and 40 volts.

9. The lithium-polymer based battery pack of any preceding claim wherein each of the
battery cells comprises an anode electrode sheet, a cathode electrode sheet and a lithium-polymer

based substrate lamented between the anode and cathode electrode sheets.

10. The lithium-polymer based battery pack of any preceding claim wherein each of the
battery cells is generally flat and has a cell width and a cell thickness, the cell thickness being
less than 15% of the cell width.

11. The lithium-polymer based battery pack of any one of claims 2 to 10 wherein the plurality
of battery cells are layered within the housing such that each cell is lying adjacent another one of

the cells, and further including a resiliently deformable substrate between the adjacent cells.

12. The lithium-polymer based battery pack of claim 11 wherein a distance between the

adjacent cells in greater than 5% of the cell width.

13. The lithium-polymer based battery pack of claim 11 wherein the resiliently deformable

substrate 1s thermally conductive or contains a thermally conductive component.
14. The lithium-polymer based battery pack of claim 11 including at least one sensor element
located between at least two adjacent ones of the cells, said sensor element providing a sensor

signal to a battery conwoller.

15. The lithium-polymer based battery pack of claim 14 wherein the sensor element

comprises a temperature sensor.

16. The lithium-polymer based battery pack of claim 14 wherein the sensor element

comprises a temperature sensor, and wherein a second pressure sensing element is located

11
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between at least two adjacent ones of the cells and provides a pressure sensor signal to a battery

controller

17. The lithium-polymer based battery pack of any one of claims 2 to 16 wherein the housing
defines a housing volume and the plurality of cells provides a combined battery volume, and

wherein a ratio of the combined battery volume to the housing volume is greater than 80%.

18. The lithium-polymer based battery pack of any preceding claim wherein each of the
battery cells comprises a first connection lead connected with an anode sheet of the cell and a
second connection lead connected with a cathode sheet of the cell, the first connection lead
extending from a first edge of the cell and the second connection lead extending from a second

edge of the cell, the second edge being a different edge to the first edge of the cell.

19. The lithium-polymer based battery pack of claim 18 wherein the second edge is
symmenrically opposite the first edge.

20. The lithium-polymer based battery pack of claim 18 or 19 wherein the plurality of battery
cells is stacked within the housing such that each cell is lying adjacent another one of the cells, at

least one of the connection leads joined with a connection lead of an adjacent cell.
21 The lithium-polymer based battery pack of claim 20 further including a guide member
having a convex guiding surface abutting the joined connection leads extending between adjusted

cells.

22, The lithium-polymer based battery pack of claim 21 wherein the guide member supports

the joined connection leads about a smooth radius between the adjusted cells.

23. The lithium-polymer based battery pack of claim 21 or 22 further including a resiliently

deformable substrate between adjacent cells.

12
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24, The lithium-polymer based battery pack of claim 23 wherein the guide member and

resiliently deformable substrate between adjacent cells is a single integral member.

25. The lithium-polymer based battery pack of any preceding claim wherein the plurality of
battery cells is supported within the housing in a resiliently deformable cradle surrounding at

least a part of each cell.

26. The lithium-polymer based battery pack of claim 25 wherein the resiliently deformable
cradle comprises two or more resiliently deformable members each abutting at least one battery

cell.

27. A lithium-polymer tool battery comprising:

a housing selectively connectable to and supportable by a hand held power tool or a
garden tool,

a plurality of substantially flat battery cells stacked within the housing such that each sell
is layered over or under an adjacent cell and a resiliently deformable substrate located between
adjacent battery cells, wherein each battery cell has a lithium-polymer based chemistry and a

nominal charged internal impedance of less than or equal to approximately 10 milliohms.

28. The lithium-polymer tool battery of claim 27 further including the lithium-polymer
battery based pack features of any one of claims 3 to 26.

29. A lithium-polymer battery powered tool comprising;:

a power tool housing

an electrical motor in the housing,

a motor control circuit for controlling power supplied to the motor from an electrical
energy source,

a battery housing selectively connectable to and supportable by the power tool housing,

a battery within the battery housing for supplying power to the motor control circuit and
motor when the battery housing is connected with the power tool housing,

the battery comprising at least one battery cell having an output voltage of at least 4 volts

13
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and producing a combined average motor supply current of at least 10 amps, wherein each
battery cell has a lithium-polymer based chemistry and a nominal charged internal impedance of

less than or equal to approximately 10 milliohms.

30. The lithium-polymer tool of claim 29, further including the lithium-polymer battery based

pack features of any one of claims 2 to 26.

31. The lithium-polymer tool of claim 29 or 30, wherein the tool is one of a hand held power
tool such as a drill or saw, a lawn or garden care tool such as a lawn mower or edge trimmer, or a

floor cleaner such as a vacuum cleaner.

14
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Abstract

The utility model belongs o the fechnical field of the battery pack, in particular to the multi-functional sampling end minor
structure of batlery pack, including the insert in the electrode manner piece insert soon finkage segment, parcel temperature
sensor probe the ternperature sampling section and with the voltage sample section of vollage sample conductor comprassion
jointing, the voltage sample section through the temperature sampling saction with insert the linkage segment soon and be
connected, H is integrated structural to the one terminal with battery pack temperature sampling and voltage sample through
above-mentioned structure, can only realize temperature sampling or voltage sample as required, aiso can realize sampling
simuitaneously. The utilily model discioses when realizing batlery voitage and temperature sampling, both simplified technology.

reducad manufacturing cost again, be suitable for batch production,
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