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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 

5 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 

10 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 

15 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 turned 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 result, 

20 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 

25 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 

30 portable battery and further cause serious damage to either or both electrical systems 

1 
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that the two batteries are used in. However, it is often difficult to 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 

5 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 

10 charging system are connected. Such a system would eliminate the problems and 

dangers associated with incorrect charging battery to discharged battery terminal 

connections. 

15 

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 

20 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 

25 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 

30 throughout the several views: 

FIGURE 1 is a schematic view of a general embodiment of the auto-polarity 

battery booster apparatus; 

2 
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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 bo<?ster 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 

FIGURE2; 

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 ofFIGURE 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 

20 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 conne�ted 

25 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 

30 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 

3 
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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 f�urth cable, the second clamp 

being detachably mounted onto a second side of the outside of the housing, and 

5 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 

10 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 

15 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 

20 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 

25 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, 

30 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 con�cts. When the plunger is in the 

first contacting position, the bottom switch contacts are connected to the second pair 

5 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 

10 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 

15 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 

20 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 

25 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 

30 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. 

20 Further, a male cigarette lighter plug member can be added to the present invention 

25 

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 

30 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 

5 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 

10 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 

15 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 

20 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. 

Turning now to Figures 1-4, there is illustrated front, back, top, and bottom 

25 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 

30 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, sine� the apparatus 20 has an auto­

polarity switch 50 (best seen in Figures 5 and 6), it does not matter which clamp is 

5 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 

10 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. 

15 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 

20 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 electrical 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 

25 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 

30 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 SO. 

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

5 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 

10 (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 

15 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 

20 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 

25 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 a neutral position. This is because the 

center coil windings 62 is centered over the plunger 56 and there is no magnetic 

30 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 5 8 to be magnetized. The magnetization of outside core members 

5 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 turns 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 

10 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 

15 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 

20 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 

25 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 

30 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 positi01:µng necessary to return back to its 

neutral position. The same would also be true when the central core 56 is pulled in 

5 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 

10 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 

15 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 

20 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 

25 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 oftop 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 

30 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 oftop slots 106,108 and a pair of 

bottom slots (not shown). A pair oftop 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 

5 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 

10 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. 

15 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 

20 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, 

25 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, 

30 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 

5 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 

10 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 

15 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 

20 the internal power sources, the switch 50 automatically switches to a proper polarity. 

25 

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 

30 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 thQse skilled in the art that other 

circuit configurations that embody the principles of this invention and other 

5 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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WE CLAIM: 

1. A portable battery booster apparatus for b?osting an electrical system with a

:first terminal and a second terminal, comprising:

a) 

b) 

a battery having a first terminal and a second terminal; 

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

the battery; 

c) a switch having a first pair of contacts and a second pair of contacts,

d) 

e) 

f) 

g) 

h) 

i) 

j) 

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 switch�s 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. 

10 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. 

15 

20 

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 

25 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 

30 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 

10 operated outside of the housing. 

15 

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 s\\<itch 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 

20 of contacts. 

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

retaining the switch in one side of the housing. 

25 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. 

30 

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

5 pivotably connected to the housing. 

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

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

15 of charge remaining in the battery. 

1 7. 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 

20 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 

25 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. 

30 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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15 

a) 

b) 

c) 

a power storage device having a positive terminal and a negative 

terminal; 

a housing enclosing the power storage device and the positive and 

negative terminals of the power storage device; 

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

e) 

f) 

g) 

h) 

power storage device and another end selectively connected to the

switch, the first cable being enclosed in the housing;

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;

a third cable with one end connected to the switch;

a fourth cable with one end connected to the switch;

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

j) wherein when the positive and negative terminals of the electrical

20 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. 

25 

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

system vvith a positive terminal and a negative terminal, comprising: 

a) a housing;

b) a battery, the battery having charges to provide power to the electrical

30 system, the battery having a positive terminal and a negative terminal, the battery 

being enclosed in the housing; 

19 
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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 members being enclosed in the 

housing, two of the plurality of connecting members being partially extended from 

5 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 

10 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. 

20 
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(54) Title: DEVICE FOR CHARGING OF RECHARGEABLE BATTERIES

IL 

FIG.1 

(57) Abstract: Present invention relates to a device (1)
for charging of rechargeable batteries, comprising a house
(2) with a transfonner, 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 

5 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 

10 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 

15 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 

20 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 

25 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, 

30 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 

10 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 

15 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. 

20 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 

25 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. 

30 

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

charging of lead batteries and other rechargeable battery types, encompassing 

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1418 of 2235



WO 2012/036556 PCT /NO2011/000245 

3 

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 

5 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 

1 O 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 

15 the device is not in use. 

20 

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. 

25 The electronic unit preferably controls the charging voltage and the charging 

process as a function of the measured parameters. 

30 

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 

5 embodiment example with reference to the enclosed figures, where: 

10 

15 

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 

20 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 

25 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. 

30 

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 

5 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 

IO 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 

15 voltage accordingly. 

20 

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 

25 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 

30 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. 

4amp 

Charging step 

1) Analyse the Measure the voltage at l=O 

state 1 second 

5 sec. 

Batt . Stat. ind. Time 

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

Find battery size Increase current if h.. V < 0.2V 

(Ah capacity) 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 

2amp8 h 

1 amp 2 h 

4) Top charging Constant. Voltage 1 4.4 V until I<1A 

Max time 4amp6h 

2amp 4h 

1 amp 3 h 

5) Maintenance 13.8 V 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 

5 warning lamp. These will give the user the following indications: 
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Step 0 Check output charge line 
1st the crocodile 
2nd the 12 V plug 

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

PCT /NO2011/000245 

>12.65 V all five segments light up 
10 12.55 V -12.65 V four segments light up 

15 

12.45 V - 12.55 V three segments light up 
12.35 V - 12.45 V two segments light up 
3.5 V - 12.35 V 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 

20 4 amp: three LEDs blinking 

25 

30 

35 

40 

45 

Step 3 Main Charge 
1st , 2nd

, 3rd LEDs/charging indication 

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

Step 4 Top Charoe 
1st , 2nd

, 3rO: 4th LEDs/charging indication 

Step 5 Maintain charge 

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

All segments pulsing from low to high intensity. 
2 sec increase intensity 
Turn off 1sec 
and so on 

Step 6 Analyse 

Measure the voltage after 2 mins, l=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 Sleep 

5 No special indication 

Step 8 Wake up 

8 

Go to Step 1 for new charging cycle. 
10 

14.7 V Button 

PCT /NO2011/000245 

turns on (no blinking) 

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1424 of 2235



WO 2012/036556 PCT /NO2011/000245 

9 

Claims 

1. 

Charging device (1) for charging of lead batteries and other rechargeable 

5 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, 

IO c h a r a c t  e r i s e d i n that the 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 

15 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. 

20 Charging device according to claim 1, 

c h a r a c t e r i s e d i n that the 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. 

25 3. 

30 

Charging device (1) according to any of the preceding claims, 

c h a r a c t e r i s e d i n that the 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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c h a r a c t e r i s e d i n that the 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 5. 

Charging device (1) according to claim 3, 

c h a r a c t e r i s e d i n that the electronic unit controls the charging voltage 

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

10 6. 

Charging device (1) according to any of the preceding claims, 

c h  a r a c t  e r i s  e d i n  that the device (1) encompasses an indicator (12) that 

gives the user a visual indication of the charging process. 

15 7. 

Charging device (1) according to any of the preceding claims, 

c h a r a c t e r i s e d i n that it is adapted to charging of open and closed lead 

batteries, AMG batteries and gel batteries with a capacity of 4-225 Ah. 

20 8. 

Charging device (1) according to any of the preceding claims, 

c h  a r a c t  e r i s  e d i n  that the 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 (V0max_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 (V0max_Batt2), which is greater than the maximum voltage when 
unloaded of the first battery (V0max_Batt1 ), and a minimum acceptable voltage when unloaded 
(V0mini_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 (V0max_Batt1 ), and a high alternator 
voltage (Valt_high) which is strictly greater both than the minimum voltage when unloaded of the second 
battery (V0mini_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 de 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 I DC transformer (direct current/ direct current, also called 
"DC I 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 I 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 I DC transformer. 
According to an improved embodiment, the system further comprises a DC I 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 I 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 I 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 I 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 I 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 I
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 I DC transformer 8, connected as described in FIG. 1, the term 

"voltage across the set [second battery 7, DC I 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 "V0max_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 I, the maximum no-load voltage of the first battery 4, that is 
VOmax batt I, the minimum open-circuit voltage V 0mini_batt 2 of the second battery 7 , the maximum empty 
voltage V0max_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 I of the first lead acid battery is of the order of 12 volts, 
and is substantially the minimum voltage V0mini_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 V0max_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 I 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 V0max_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 I 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 I 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 V0mini_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 I. 
It is advantageous to use a second battery 7 whose maximum maximum voltage V0max_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 I 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 V0mini_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 M, which counts the time elapsed since the last deceleration, goes over a 

threshold �tMath .. 
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 lantes 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 I 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 I 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 I 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 I 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 de 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 (V0max_Batt2), greater than the maximum voltage at no load of the first battery (VOmax
Battl), and a minimum voltage acceptable vacuum (V0mini_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 (V0mini_Batt2), and the alternator low
voltage (Valt_basse).
2. System according to claim 1, further comprising a DC I 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 (V0max_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 (V0max_Batt I 2,
V0max_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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(V0mini_Batt2), and than the low alternator voltage (Valt_low). 

(57) Abrege : 

(57) 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 (V0max_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 (V0-
max_Batt2), which is greater than the maximum voltage 
when unloaded of the first battery (V0max_Battl), and a
minimum acceptable voltage when unloaded 
(V0mini_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, configu­
red to impose at least two different 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 (V0max_Battl), and a high alternator voltage
(Valt_high) which is strictly greater both than the minimum
voltage when unloaded of the second battery
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Publicc: 

sans rapport de recherche internationale, sera republiee 

des reception de ce rapport (regle48.2.g)) 

Un systeme d'alimentation en energie electriqne d'nn vehicnle. comprend: -1111 resean d'organes consommateurs electriqnes, apte a 
etre alimente dans une gamme de tensions inferieure ou egale a une tension maximale de reseau (Vmax_reseau), -une premiere 
batterie d'accumulation electrique connectee au reseau, el presentant une premiere tension maximale a vide (VOmax_Battl) infe­
rieure a la tension maximale de reseau (Vmax_resean), -une seconde batterie d'accumulation electrique connectee an reseau, pre­
sentant nne seconde tension maximale a vide (V0max_Batt2), superieure a la tension maxirnale a vide de la premiere batterie (V0-

max_Battl), et nne tension minimale a vide acceptable (V0mini_Batt2) inferieure a la tension maximale de reseau (Vmax_resean), 
-un alternateur pilotable connecte au reseau, et apte il delivrer il la seconde batterie une energie electrique sous une tension de 
consigne pilotable a differentes valeurs de consigne (Valt_basse, Valt_haute). Le systeme comprend en outre une nnite de gestion 
electronique, configuree pour imposera l'alternateur lors du roulage du vehicule, successivement au moins deux tensions de

consigne differentes, a savoir une tension basse d'alternateur (Valt_basse) qui est strictement superieure a la premiere tension
maximale a vide de la premiere batterie (V0max_Battl), et une tension halite d'alternateur (Valt_haute) qui est strictement supe -
ricurc a la fois a la tension minimalc a vidc de la sccondc battcric (V0mini_Batt2), ct a la tension bassc d'altcrnatcur (Valt_bassc ). 
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1 

PROCEDE DE RECHARGEMENT D'UN COUPLE DE 

BATTERIES DE VEHICULE DE TENSIONS NOMINALES 

DIFFERENTES, ET SYSTEME ASSOCIE 

5 L'invention se rapporte aux systemes d'alimentation 

electrique de vehicules automobiles a propulsion par un moteur 

thennique ou a propulsion hyhride thermique-electrique, et 

notamment aux systemes d'alimentation electrique comprenant 

plusieurs batteries de types differents. 

1 O On peut en effet souhaiter utiliser differents types de 

batteries en parallele afin de tirer parti par exemple de la bonne 

capacite d'une batterie au plomb a fournir de l'energie pour un 

demarrage a froid, et de la forte energie specifique ainsi que de la 

plus grande endurance en terme de cycles de charge et de decharge 

15 d'une batterie de type lithium-ion. 

La demande de brevet US 2011 00 1352 decrit ainsi un 

systeme ou les deux types de batteries sont presentes, les tensions a

vide et les resistances internes des deux batteries etant choisies de 

maniere a ce que, pour une tension d'alternateur constante, ce soit 

20 de maniere preferentielle la batterie au lithium qui se decharge puis 

se recharge, la batterie au plomb subissant ainsi un moindre nombre 

de cycles de charge et de decharge. 

25 

L'utilisation de la batterie au plomb est alors reservee de 

maniere preferentielle aux phases de demarrage du vehicule. 

Pour permettre d'ohtenir 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 

capacite energetique maximale de la batterie au lithium s'en trouve 

done limitee. 

30 Un tel systeme pennet d'augmenter la duree de vie de la 

batterie au plomb, mais oblige a limiter les performances des 

batteries au lithium utilisees. En outre, la tension constante de 

l'alternateur doit etre choisie suffisamment elevee pour permettre de 

recharger simultanement la hatterie au plomb et la hatterie au 

35 lithium, ce qui induit une surconsommation de carburant par rapport 

a un systeme muni uniquement d'une hatterie au plomh. 
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L'invention a pour but de proposer un systeme 

d'alimentation electrique d'un vehicule comprenant deux batteries, 

ce systeme permettant non seulement d'augmenter la duree de vie de 

la batterie au plomb, mais egalement de reduire la consommation 

5 moyenne en carburant du vehicule. 

A cet effet, un systeme d'alimentation en energie electrique 

d'un vehicule, comprend : 

-un reseau a courant continu, d'au moms un organe

consommateur electrique, aptc a etre alimente dans unc gamme de 

10 tensions inferieure ou egale a une tension maximale de reseau, 

-une premiere batterie d'accumulation electrique connectee

au reseau, et presentant une premiere tension maximale a vide 

inferieure a la tension maximale de reseau, 

-une seconde batterie d'accumulation electrique connectee au

15 reseau, presentant une seconde tension maximale a vide, superieure 

a la tension maximale a vide de la premiere batterie, et une tension 

minimale a vide acceptable inferieure a la tension maximale de 

reseau, 

-un alternateur pilotable connecte au reseau, et apte a

20 delivrer a la seconde batterie une energie electrique sous une 

tension de consigne pilotable a differentes valeurs de consigne. 

Le systeme comprend en outre une unite de gestion 

electronique, configuree pour imposer a l'alternateur lors du roulage 

du vehicule, successivement au moins deux tensions de consigne 

25 differentes, a savoir une tension basse d'alternateur qui est 

strictement superieure a la premiere tension maximale a vide de la 

premiere hatterie, et une tension haute d'alternateur qm est 

strictement superieure a la fois a la tension minimale a vide de la 

seconde batterie, et a la tension basse d'alternateur. Selon certaines 

30 variantes de realisation, l' alternateur peut etre un systeme 

d'alternateur comprenant un alternateur associe a un transformateur 

CC/CC (courant continu/courant continu, encore appele 

« DC/DC converter» en anglais). L'alternateur peut alors etre 

pilotable lui-meme en tension. Selon un autre mode de realisation, 

35 la tension de consigne peut etre pilotable en modifiant uniquement 

la consigne du transformateur CC/CC, l'alternateur n'etant pas 

pilotable en tension. Selon encore un autre mode de realisation, la 
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tension de cons1gne peut etre pilotable en modifiant a la fois la 

tension delivree par l'alternateur et la consigne du transformateur 

CC/CC. 

Selon un mode de realisation ameliore, le systeme comporte 

5 en outre un transformateur de tension de type CC/CC apte a abaisser 

la tension delivree par la seconde batterie au reseau. La seconde 

tension de fonctionnement a charge complete de la seconde batterie 

peut alors etre superieure a la tension maximale de reseau. 

A vantageusement le transformateur de tension est 

10 bidirectionnel, et est apte a alimenter la seconde batterie a une 

tension superieure a la tension maximale du reseau quand 

l'alternateur debite un courant sous la tension haute d'alternateur. 

La premiere batterie peut etre une batterie au plomb, et la 

seconde batterie peut etre une batterie au lithium, en particulier une 

15 batterie de type lithium-ion. La seconde batterie peut egalement etre 

une batterie au plomb ( classique ou au plomb renforce ou encore 

VRLA d'apres l'anglais « Valve Regulated Lead Acide Battery ») de 

caracteristiques differentes de la premiere hatterie. 

L'unite de gestion electronique peut etre configuree pour 

20 ouvrir un interrupteur de la seconde batterie quand le vehicule est 

dans un mode parking, c'est-a-dire moteur arrete, et peut etre 

configuree, si la tension de la premiere batterie passe sous un 

premier seuil et simultanement la tension de la seconde batterie est 

au dessus d'un second seuil, pour refermer cet interrupteur pendant 

25 une periode predeterminee avant d'effectuer le demarrage suivant du 

vehicule. Cette periode predeterminee permet de recharger 

partiellement I a premiere hatterie. 

Selon un autre aspect, dans un procede de gestion d'un 

vehicule automobile equipe d'une premiere batterie et d'une seconde 

30 batterie d'alimentation en energie electrique, les deux batteries 

presentant des tensions maximales a vides differentes et etant 

connectees a un meme alternateur et a un meme reseau electrique a 

courant continu du vehicule, on impose une tension basse 

d'alternateur pendant des premieres phases de roulage du vehicule, 

35 et l'on impose une tension haute d'alternateur plus elevee que la 

tension hasse d'alternateur pendant des secondes phases de roulage 

du vehicule telles que des phases de freinage recuperatif, moins 
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consommatrices en carburant que les premieres phases. Les 

premieres phases de roulage c01Tespondent a des phases de roulage 

hors deceleration. A vantageusement, ce  procede peut etre applique a 

un vehicule automobile ou la premiere batterie, la seconde batterie 

5 et l'alternateur sont branches en parallele. 

De maniere preferentielle, on impose la tension haute 

d'a1ternateur quand le vehicule est en phase de deceleration 

recuperative, et on impose la tension basse d'alternateur quand le 

vehicule est dans une phase d'acceleration du moteur. 

10 On peut imposer une tension intermediaire d'alternateur, 

strictement superieure a la tension basse d'alternateur et inferieure 

ou egale a la tension haute d'alternateur, quand un niveau de charge 

de la seconde batterie devient inferieur a une charge seuil, et/ou 

quand un certain mode de roulage du vehicule autre que la 

15 deceleration, est detecte, et/ou si le courant delivre par la seconde 

batterie au reseau depasse un certain seuil. Le niveau de la tension 

intermediaire d'alternateur peut etre different dans les differents cas 

cites. 

On peut par exemple alimenter la seconde batterie a l'aide 

20 d'un transformateur CC/CC en amenant la tension aux homes de la 

25 

batterie a une valeur comprise entre 15V et 17V pendant les phases 

de deceleration recuperative du vehicule. 

Le systeme peut comprendre des panneaux solaires 

embarques sur le vehicule, et connectes au reseau. 

Le systeme peut egalement comprendre une prise electrique 

adaptee pour un rechargement de la seconde batterie sur un reseau 

exterieur au vehicule. 

Selon un mode de realisation pref ere, la seconde batterie 

peut etre une batterie au lithium reconditionnee ayant deja servi a 

30 fournir de l'energie de propulsion automobile. Typiquement la 

seconde batterie au lithium est composee de deux modules « uses » 

d'une batterie de traction pour vehicule electrique, c'est-a-dire dont 

l'etat de charge est compris entre 70% et 80% de leur capacite 

initiale. Le systeme selon !'invention utilise ces modules dans une 

35 plage de tension correspondant a un etat de charge compris entre 5 % 

et 30% de leur capacite initiale. Pour ne pas decharger ces modules 

en dec,;a de leur etat de charge d'utilisation, un commutateur est 
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place entre la batterie au lithium et le reste du systeme, ce 

commutateur etant ouvert des que l'etat de charge de la batterie 

atteint un etat de charge de 5% et n'est plus rechargee par le 

systeme selon !'invention, done typiquement en mode « parking »,

5 c'est-a-dire lorsque le moteur du vehicule est arrete. 

L'unite de gestion electronique peut par exemple etre 

configuree pour imposer une tension hasse d'alternateur qui est 

inferieure OU egale a 1,05 fois la tension maximale a vide de la 

premiere batterie, voire inferieure a 1,035 fois la tension maximale 

10 a vide de la premiere batterie. 

La tension basse d'alternateur peut par exemple etre 

comprise entre 12,8 et 13,5V, et la tension haute d'alternateur peut 

etre comprise entre 14 et 15V. 

Selon un mode de realisation avantageux, on peut alimenter 

15 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 deceleration recuperative du vehicule. 

D'autres huts, caracteristiques et avantages de ]'invention 

apparai'tront a la lecture de la description suivante, donnee 

20 uniquement a titre d'exemple nullement limitatif, et faite en 

25 

30 

reference aux dessins annexes, sur lesquels 

la figure 1 est une representation schematique d'un 

systeme d'alimentation selon !'invention, 

la figure 2 est un graphique representant les 

niveaux relatifs de differentes tensions intervenant 

dans le fonctionnement du systeme d'alimentation 

de la figure I, 

la figure 3 est un algorithme illustrant un mode de 

gestion possible du systeme d'alimentation de la 

figure 1. 

Tel qu'illustre sur la figure 1, un systeme 1 d'alimentation 

electrique d'un vehicule comprend un reseau electrique 2, un 

alternateur 3, une premiere batterie 4, par exemple une batterie au 

plomb, une seconde batterie 7, par exemple une batterie de type 

35 lithium-ion, et une unite de gestion electronique lo. La seconde 

batterie 7 est mumc d'un interrupteur 11 permettant de la 

deconnecter du reseau 2. L'alternateur 3 est apte a convertir de 

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1451 of 2235



WO 2012/160292 PCT/FR2012/051081 

6 

l'energie mecanique prelevee sur un arbre relie a un moteur 

thermique (non represente) en energie electrique envoyee sur le 

reseau electrique 2. 

Sur le reseau electrique 2 sont disposes des consommateurs 

5 electriques 6, comme par exemple un dispositif de climatisation, des 

moyens d'eclairage et des moyens de chauffage. L'alternateur 3 est 

connecte aux homes de la premiere batterie 4. La seconde batterie 7 

est connectee en parallele a la premiere batterie 4. Les 

consommateurs electriques 6 sont branches en parallele sur le reseau 

10 2. Le reseau 2 comprend une mise a la masse 5 sur le chassis du

vehicule. Le reseau 2 alimente egalement un demarreur apte a lancer

le moteur thermique du vehicule afin d'initier le premier cycle de

combustion.

Selon les variantes de realisation, la seconde batterie 7 peut 

15 etre reliee a un transformateur CC/CC 8 connecte en serie a la 

batterie 7, de maniere a ce que la tension aux bornes de la seconde 

batterie 7 puisse etre plus elevee que la tension maximum du reseau 

2. 

Dans les variantes de realisation ou la seconde batterie 7 est 

20 associee a un transformateur de type CC/CC 8, des moyens de 

production d'energie tels que des panneaux solaires 9 peuvent etre 

branches aux bornes de la seconde batterie 7, ce qui autorise la 

tension maximale delivree par ces panneaux solaires 9 a etre plus 

elevee que la tension maximum du reseau 2. L'unite de gestion 

25 electronique est reliee 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 premiere valeur notee Valt _ basse et une seconde valeur notee 

Valt _ haute plus elevee que la premiere valeur. 

30 L'unite de gestion electronique 10 est egalement reliee a

l'interrupteur 11 qui, peut etre de type mecanique­

electromagnetique, ou de type electronique, par exemple sous forme 

d'un transistor. En ouvrant l'interrupteur 11, l'unite de gestion 

electronique 10 peut deconnecter la seconde batterie 7 du reseau, et 

35 eviter une decharge intempestive de cette seconde batterie 7. 

La premiere batterie, notamment si la premiere batterie est 

une batterie au plomb, peut etre utilisee de maniere preferentielle au 
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moment des demarrages du moteur thermique du vehicule, pour 

alimenter un demarreur. L'unite de gestion electronique 10 

deconnecte la seconde batterie 7 (par exemple une batterie lithium, 

et plus precisement de type lithium-ion) a l'aide de l'interrupteur 

5 11, des que le vehicule est en mode « parking ». On evite de cette 

maniere de decharger la batterie 7. La seconde batterie 7 reste alors 

deconnectee du reseau jusqu'a ce que le prochain demarrage du 

moteur du vehicule ait ete effectue. 

Les batteries au plomb ont en effet une excellente capacite 

10 de demarrage a froid, et c'est done la premiere batterie 4 au plomb 

qui est utilisee au moment du demarrage du moteur thermique du 

vehicule. 

Les batteries au lithium ont une meilleure endurance en 

terme de cyclages, et c'est done la seconde batterie qui est utilisee 

15 pour alimenter le reseau de bord du vehicule pendant le roulage du 

vehicule. La tension du reseau c'est-a-dire la tension mesurable 

entre les homes de la premiere batterie 4, est imposee par celui des 

trois e1ements, parmi 1'a1ternateur 3, 1a premiere batterie 4 et la 

deuxieme batterie 7 eventuellement associee a un transformateur 

20 CC/CC, qui presente entre ses deux homes la tension la plus elevee. 

Par « homes » de chacun des elements, on entend les deux 

points de connexion de cet element au reseau 2. 

Dans le eas ou le systeme inclut un transformateur CC/CC 8, 

connecte comme decrit sur la figure 1, on entend par tension aux 

25 homes de !'ensemble [seconde batterie 7, transformateur CC/CC 8], 

la tension entre les deux points de connexion de cet ensemble, au 

reseau 2. 

Quand l'altemateur 3 ne toume pas, par exemple au moment 

du demarrage du vehicule, et que la seconde batterie 7 est 

30 deconnectee au moyen de l'interrupteur 11, c'est la premiere 

batterie 4 qui impose la tension sur le reseau 2. 

Quand le vehicule roule et que l'altemateur 3 fonctionne, on 

choisit de piloter la consigne de tension de l'altemateur 3 au dessus 

de la tension maximale a vide de la premiere batterie 4. De cette 

35 maniere, ce n'est pas la premiere batterie 4 qui foumit l'energie 

electrique du circuit 2. Selon que la tension de l'altemateur 3 est 

plus elevee 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 simultanement, qui fourniront l'energie electrique du reseau 2. 

Dans le cadre de !'invention, 

batterie 7 dont la tension maximale 

on choisit une seconde 

a vide est suffisamment 

5 superieure a la tension maximale a vide de la premiere batterie 4, de 

maniere a pouvoir imposer alternativement deux modes de 

fonctionnement. Dans le premier mode de fonctionnement, la 

tension d'alternateur est fixee a une valeur basse « Valt_basse », qui 

est superieure a la tension a vide maximale de la premiere batterie 

10 « VOmax battl », elle-meme inferieure a la tension maximale 

toleree par le reseau « Vmax _ reseau ». La tension d'alternateur 

« Valt basse » est inferieure a la tension maximale a vide de la 

seconde batterie 7 « VOmax_batt2 ». Dans un second mode de 

fonctionnement, la tension d'alternateur est egale a une valeur haute 

15 de tension d'alternateur « Valt _ haute », qui est superieure a la 

tension basse d'alternateur, tout en restant inferieure a I a tension 

maximale toleree par le reseau. 

De cette maniere, quand l'alternateur 3 est regule pour 

delivrer la tension basse d'alternateur, et que la seconde batterie 7 

20 est suffisamment chargee pour que sa tension soit superieure a la 

tension basse d'alternateur, c'est la seconde batterie 7 qui fournit 

l'energie electrique au reseau 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 

25 l'energie electrique du reseau 2 est fournie par la seconde batterie 7, 

et une partie de l'energie electrique est fournie par l'alternateur 3. 

Quand l'unite de gestion electronique 10 impose le second 

mode de fonctionnement, ou c'est la tension haute d'alternateur qui 

est imposee, si la tension a vide de la seconde batterie est inferieure 

30 a la tension haute d'alternateur, c'est alors l'alternateur qui fournit 

l'energie electrique au reseau et qui fournit simultanement une 

energie permettant la recharge de la seconde batterie 7. 

Si aucun autre moyen que l'alternateur 3 n'est prevu pour 

recharger la seconde batterie 7, la seconde batterie 7 pourra done s e 

35 recharger pendant les phases ou c'est la tension haute d'alternateur 

qui est imposee, et pourra fournir de l'energie au reseau tant que sa 

tension restera superieure a la tension basse d'alternateur, pendant 
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les phases ou l'unite de gestion electronique 10 impose la tension 

basse d'alternateur. 

On impose de preference une tension basse d'alternateur tout 

juste superieure a la tension maximale a vide de la premiere 

5 batterie, de maniere ace que, pendant les phases ou la tension basse 

d'alternateur est imposee, l'alternateur preleve le moins possible 

d'energie mecanique sur l'arbre moteur entrai'ne par le moteur 

thermique. L'alternateur ne cree ainsi qu'une surconsommation 

limitee de carburant, tout en assurant que la premiere batterie reste 

10 constamment chargee a son niveau maximal. 

Dans le premier mode de fonctionnement, tant que la seconde 

batterie 7 est suffisamment chargee (c'est-a-dire tant que sa tension 

est superieure a la tension basse d'alternateur), c'est la seconde 

batterie 7 qui fournit l'energie electrique au reseau 2. 

15 Les phases ou l'on impose la tension haute d'alternateur en 

vue de recharger la seconde batterie 7, sont de preference les phases 

de roulage a faible cout en carburant, par exemple les phases de 

deceleration recuperative, c'est-a-dire si le vehicule est dans un 

mode de deceleration permettant d'utiliser le frein moteur, et 

20 d'utiliser une partie de l'energie mecanique de l'arbre moteur pour 

faire tourner l'alternateur. Il suffit par exemple pour cela que la 

consigne a la pedale du vehicule corresponde a une phase de 

deceleration moteur. 

Une partie de l'energie cinetique de freinage du vehicule sert 

25 alors a recharger la seconde batterie 7. Cette energie recuperee 

pendant les phases de freinage permet ensuite d'economiser du 

carburant, en limitant la tension d'alternateur imposee pendant les 

phases de roulage correspondant au premier mode de 

fonctionnement. 

30 La figure 2 illustre un exemple de positionnement relatif des 

differentes valeurs de tensions mentionnees precedemment dans la 

description du systeme d'alimentation electrique 1. Les differents 

niveaux representes sur la figure 2 illustrent la tension minimale a 

vide de la premiere batterie 4 soit VOmini_ battl , la tension 

35 maximale a vide de la premiere 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, la tension haute 

d'alternateur Valt_haute et la tension maximale Vmax_reseau que le 

reseau 2 est capable de supporter sans etre endommage. 

De maniere typique, si l'on fonctionne avec une batterie au 

5 plomb comme premiere batterie 4, et avec, comme seconde batterie, 

une batterie de type lithium-ion issue de la recuperation de batteries 

lithium-ion ayant servi a propulser des vehicules electriques ou 

hybrides, la tension minimale a vide VOmini _ battl de la premiere 

batterie au plomb est de l'ordre de 12 volts, et correspond 

IO sensiblement a la tension minimale a vide V0mini_batt2 de la 

seconde batterie au lithium, ou est un peu inferieure. 

La tension maximale a vide VOmax _ battl de la premiere 

batterie au plomb est de l'ordre de 12,8 volts, et la tension basse 

d'alternateur Valt _ basse que l'on impose pour etre juste au dessus 

15 de cette tension maximale a vide est de l'ordre de 13,2 volts. 

La tension rnaxirnale a vide V0rnax_batt2 de la seconde 

batterie au lithium peut etre de l'ordre de 16,8 volts, et la tension 

haute d'altemateur Valt haute de l'ordre de 15 volts afin de rester 

en dessous de la valeur maximale acceptee par le reseau 

20 Vmax_reseau, qui elle, est de l'ordre de 16 volts. 

II est envisageable d'utiliser d'autres types de batterie pour 

la premiere et pour la seconde batterie, et la tension maximale de la 

seconde batterie n'est pas obligatoirement superieure a la tension 

maximale du reseau. La tension basse d'alternateur doit de 

25 preference etre superieure a la tension maximale a vide de la 

premiere batterie. On pourrait eventuellement envisager un mode de 

realisation ou la tension basse d'alternateur serait trcs lcgcrement 

inferieure a la tension maximale a vide de la premiere batterie, mais 

on imposerait alors inutilement des cycles de charge et de decharge 

30 a la premiere batterie en reduisant la duree de vie de celle-ci. 

35 

La tension maximale de la seconde batterie devra etre 

obligatoirement superieure a la tension maximale a vide de la 

premiere batterie, de maniere a pouvoir definir une valeur de 

tension basse d'alternateur entre ces deux valeurs de tension 

maximale a vide des deux batteries. 

La tension haute d'alternateur peut ctre cgalc, vmre 

superieure 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 inferieure 

a la tension maximale toleree par le reseau. 

La tension minimale a vide de la seconde batterie doit etre 

inferieure a la tension haute d'alternateur afin de permettre une 

5 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 etre rechargee, outre pendant les 

phases ou l'alternateur tourne a sa valeur de tension elevee, par des 

moycns de production electriques supplementaires tels que les 

IO panneaux solaires 9. Dans le cas ou la tension maximale a vide de la 

seconde batterie est inferieure a la tension maximale toleree par le 

reseau, ou dans le cas ou le systeme comprend un transfonnateur 

CC/CC apte a abaisser la tension delivree par la seconde batterie a

une tension inferieure a la tension maximale toleree par le reseau, 

15 on peut egalement envisager de recharger la seconde batterie 7 sur 

un reseau exterieur au vehicule, par exemple sur une aire de 

stationnement. 

La tension maximale a vidc de la seconde batterie 7, c'est-a­

dire VOmax_batt2, peut etre inferieure ou superieure a la tension 

20 maximale acceptee par le reseau 2. Si la tension maximale a vide de 

la seconde batterie est superieure a la tension maximale acceptee par 

le reseau Vmax_reseau, selon une premiere variante de realisation, 

on exploite la seconde batterie 7 sur une partie seulement de son 

domaine de fonctionnement c'est-a-dire par exemple entre la tension 

25 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 acceptee par la seconde batterie 7, si par exemple le systeme 

30 est muni d'un transformateur CC/CC 8, apte a abaisser la tension 

delivree par la seconde batterie 7 de maniere a l'amener a une 

valeur inferieure OU egale a la tension maximale toleree par le 

reseau. 

Dans ce cas, on peut par exemple envisager de charge la 

35 seconde batterie 7 a sa tension maximale a vide a partir d'un reseau 

exterieur au vehicule, quand le vehicule est a l'arret. On utilise 

ensuite cette reserve d'energie pendant le roulage du vehicule en la 
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completant par une recharge partielle de la batterie a une tension 

haute d'alternateur quand le vehicule est en deceleration 

recuperative. 

Si le transformateur CC/CC est bidirectionnel, on peut meme 

5 envisager de charger la seconde batterie a sa tension maximale a

vide en elevant la tension aux bornes de la seconde batterie 7 par 

rapport a la tension haute d'alternateur pendant les phases de 

deceleration recuperative. 

Par sccuritc, afin d'cvitcr une dcchargc meme particllc de la 

10 premiere batterie 4, la tension basse d'alternateur est choisie 

legerement superieure a la tension maximale a vide de la premiere 

batterie 4. 

La tension minimale a vide de la seconde batterie 7 est de 

preference inferieure a la tension basse d'alternateur de maniere a

15 ce que, lorsque le vehicule est dans un mode de roulage ou la 

tension basse d'alternateur est irnposee par l'unite de gestion 

electronique 10, l'energie fournie par l'alternateur vienne 

autornatiqucrncnt completer l'cncrgic fournic par la sccondc battcric 

7 lorsque la tension de celle-ci vient a baisser. On evite ainsi que la 

20 tension de la seconde batterie 7 puisse descendre a la tension 

minimale toleree VOmini_batt2. 

On pourrait envisager des variantes de realisation ou la 

tension minimale a vide de la seconde batterie serait superieure a la 

tension basse d'alternateur, mais il faut pour une telle variante que 

25 l'unite de gestion electronique 10 impose une tension haute 

d'alternateur avant que la tension de la seconde batterie 7 ne 

descende en dessous de sa valeur rninirnale. Tl faut, dans tous les 

cas, que la tension minimale a vide de la seconde batterie 7 soit 

inferieure a la tension haute d'alternateur. 

30 La tension basse d'alternateur est de preference inferieure a

la tension maximale a vide de la seconde batterie 7. Elle est aussi 

proche que possible, par valeur superieure, de la tension maximale a

vide de la premiere batterie, tout en gardant une marge d'ecart afin 

d'etre sfir que l'alternateur regule en tension basse d'alternateur 

35 reste au dessus de cette valeur minimale VOmax battl . 

Tl est avantageux d'utiliser une seconde batterie 7 dont la 

tension maximale a vide VOmax_batt2 est superieure a la tension 
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maximale Vmax reseau du reseau 2, ce qui permet, pour choisir les 

valeurs de la tension basse d'altemateur et de la tension haute 

d'altemateur, de disposer de tout l'intervalle de tension compris 

entre la tension maximale a vide de la premiere batterie 

5 VOmax battl et la tension maximale acceptee par le reseau 

Vmax_reseau. 

On se trouve en particulier dans cette configuration lorsque 

l'on a un reseau 2 du vehicule dont la tension maximale acceptable 

est de l'ordrc de 15 a 16 volts, et que l'on utilise comme premiere 

10 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 reconditionnee suite 

a une utilisation pour la propulsion de vehicule electrique. Une telle 

batterie reconditionnee presente par exemple une tension maximale 

15 a vide de l'ordre de 16,8 volts et une tension minimale a vide 

acceptable voisine de 12 volts. 

Outre le basculement a une tension d'altemateur haute 

pendant les phases de deceleration du vehiculc, des strategics 

complementaires implementees dans l'unite de gestion electronique 

20 10 peuvent etre definies, afin d'eviter une decharge excessive de la 

seconde batterie 7 dans les cas de figure ou les phases de 

deceleration recuperative ne sont pas suffisamment frequentes et/ou 

suffisamment prolongees. 

On peut alors choisir d'imposer une tension d'altemateur 

25 intermediaire entre la tension basse d'altemateur et la tension haute 

d'altemateur, 

d'altcmatcur 

c'est-a-dire strictement superieure a la tension basse 

et infcricurcs ou egalcs a la tension hautc 

d'altemateur. Une ou plusieurs tensions inte1mediaires peuvent 

ainsi etre imposees pendant certaines phases de roulage qui peuvent 

30 laisser supposer que les prochaines decelerations sont eloignees 

dans le temps. Ces phases de roulage peuvent comprendre des modes 

de roulage de type autoroutier. Une ou plusieurs tensions 

intermediaires peuvent egalement etre imposees pour des modes de 

roulage preprogrammes dans l'unite de gestion electronique parce 

35 que le point de fonctionnement du moteur, pour ces modes de 

roulage, correspond a une consornrnation en carhurant rnoins elevee 

que pour d'autres modes de roulage. 
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Le basculement vers une tension intennediaire d'alternateur 

peut egalement etre conditionne par la detection simultanee d'un 

mode de roulage donne, et d'un etat de charge inferieur OU egal a un 

etat de charge seuil de la seconde batterie 7. 

La figure 3 illustre un algorithme 1 qui peut etre implante 

dans l'unite de gestion electronique 10 d'un systeme d'alimentation 

en energie selon ] 'invention. A un instant initial 2 l, c01Tespondant 

par exemple a la mise en service du vehicule ou a sa remise en 

service aprcs un changement de batteries, l'unite de gestion 

10 electronique 10 teste, a une etape 22, si le vehicule est en mode 

parking. 

15 

Si c'est le cas, l'unite de gestion electronique 10 deconnecte, 

si ce n'est deja fait, la seconde batterie 7 du reseau 2 a l'aide de 

l'interrupteur 11, a une etape 23. 

Elle teste ensuite a une etape 24, si la tension aux bornes de 

la seconde batterie 7 est descendue en dessous d'une tension Vmin 

qui peut, par exemple, etre egale a la tension minimale a vide 

V0mini_batt2 de la seconde batterie, ou etre une valeur legerement 

superieure a cette tension minimale a vide. 

20 Si la tension mesuree est inferieure a la tension seuil Vmin, 

25 

l'unite de gestion electronique 10 affiche un message d'alerte 

avertissant le conducteur qu'il doit changer la seconde batterie 7, a

une etape 25. Si la tension est superieure a la tension seuil Vmin, 

l'unite de gestion electronique retourne a l'etape 22. 

Quand le test 22 indique que le vehicule n'est plus en 

configuration de parking, l'unite de gestion electronique 10 teste a

une etape 26 la sante de la seconde hatterie 7. Ce test de sante peut 

par exemple consister a verifier si le nombre de cycles de charges et 

de decharges deja subies par la seconde batterie 7 est inferieur a un 

30 nombre seuil Nmax de charges et de decharges, si les differentes 

cellules de la batterie sont suffisamment equilibrees, et si la tension 

aux homes de la batterie est superieure ou egale a la tension seuil 

Vmin. 

Si la reponse est negative, l'unite de gestion electronique 10 

35 affiche le message d'alerte correspondant a l'etape 25. Si le resultat 

du test 26 est positif, l'unite de gestion electronique effectue un test 

27 pour savoir si le moteur thermique du vehicule est actif. Si ce 
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n'est pas le cas, l'unite de gestion electronique 10 met en place une 

strategie 28 permettant d'alimenter le reseau 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'etape 22. 

5 Lorsque le test 2 7 indique que le moteur thermique du 

vehicule est actif, l'unite de gestion electronique teste a une etape 

29 si le vehicule est dans un mode de deceleration recuperative, 

c'est-a-dire si le vehicule est dans un mode de deceleration 

permettant d'utiliser le frein moteur, en puisant une partie de 

10 l'energie mecanique de l'arbre moteur pour faire tourner 

l'alternateur. II suffit par exemple pour cela que la consigne a la 

pedale du vehicule corresponde a une phase de deceleration moteur. 

Si le vehicule est en mode de deceleration recuperative, 

l'unite de gestion electronique 10 impose a l'alternateur une tension 

15 haute d'alternateur, par exemple 15 volts, a une etape 31, et 

continue a boucler sur le test 29 puis sur le pilotage a la tension 

haute d'alternateur 31, tant que le vehicule est en deceleration. 

Si le vehicule n'est pas en deceleration recuperative a la 

sortie de l'etape de test 29, l'unite de gestion electronique 10 

20 impose a l'alternateur 3 de fonctionner a la tension basse 

d'alternateur, par exemple a 13 volts, a une etape 30. 

Suite a l'etape 30, l'unite de gestion electronique 10 teste si 

le vehicule et la seconde batterie 7 sont dans une configuration « de 

charge forcee ». Une telle configuration de charge forcee peut par 

25 exemple correspondre au cas ou la tension aux bornes de la seconde 

batterie 7 descend en dessous d'une valeur seuil Vi et ou 

simultanement un compteur de temps Ll i, qui comptabilise le temps 

ecoule depuis la derniere deceleration, passe au dessus d'un seuil 

Ll r 1. 

30 Dans ce cas de figure, on peut considerer que la tension de la 

seconde batterie commence a devenir insuffisante, et que le mode de 

roulage detecte n'est pas un mode de roulage ponctue de 

decelerations suffisamment frequentes. 

Si ce test 32 revele que l'on se trouve dans la configuration 

35 de marche forcee, l'unite de gestion electronique 10 impose, a une 

etape 33, unc regulation de l'alternateur 3 a unc tension Valt Mid 

par exemple egale a 14,5 volts, et continue a imposer ce mode de 
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charge forcee tant que le niveau de recharge de la batterie teste a

une etape 34 n'a pas atteint un niveau satisfaisant minimal SOC min. 

Ce niveau de charge minimal peut par exemple etre detecte 

par une baisse du courant de recharge entrant dans la seconde 

5 batterie 7 .

Quand le test de l'etape 34 indique que le niveau de recharge 

de la seconde batterie est suffisant, l'unite de gestion electronique 

10 teste a une etape 3 5 la sante de la seconde batterie 7, par 

exemple en verifiant que la temperature de la batterie ne depasse 

10 pas une temperature Tmax maximale, en verifiant que le niveau 

d'equilibrage entre les differentes cellules est suffisant, OU a defaut 

que ce  niveau pennet encore de reequilibrer les differentes cellules, 

et en verifiant que la tension V aux bornes de la seconde batterie est 

superieure a la tension seuil V min. 

15 Si le niveau de sante detecte a l'etape 3 5 est insuffisant, 

l'unite de gestion electronique 10 affiche le message d'alerte 

correspondant a l'etape 25. Dans le cas contraire, l'unite de gestion 

electronique 10 teste a unc etape 36 si lcs differentes cellules de la 

seconde batterie 7 sont suffisamment equilibrees. Si c'est le cas, 

20 l'unite de gestion electronique revient a l'etape de test 22 

permettant de verifier si le vehicule, entre temps, se trouve en mode 

parking. 

Dans le cas contraire, l'unite de gestion electronique 

declenche un equilibrage des cellules a une etape 3 7 et retourne 

25 egalement a l'etape 22. 

L'objet de !'invention ne se limite pas aux exemples de 

realisation decrits et peut faire l'objet de nombreuses variantes, 

aussi bien en ce  qui concerne l'agencement des differents elements 

du systeme 1, les algorithmes de fonctionnement implantes dans 

30 l'unite de gestion electronique 10 et/ou le choix des types de 

batteries ou autres types d'accumulateurs. 

La tension basse et la tension haute imposees aux bornes de 

la seconde batterie 7, peuvent etre obtenues soit en regulant la 

tension delivree par l'alternateur a deux niveaux differents, soit en 

35 elevant la tension aux bornes de la seconde batterie a l'aide d'un 

transformateur CC/CC. La tension haute peut egalement etre 

obtenue en elevant a la fois la tension de consigne aux bornes de 
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l'alternateur et en transformant cette tension, a l'aide du 

transformateur CC/CC, en une tension encore plus elevee aux bornes 

de la seconde batterie. 

L'algorithme de fonctionnement, dont un exemple est donne 

5 en figure 3, admet de tres nombreuses variantes, notamment en ce 

qui concerne la succession des differents tests pour determiner 

que11e tension d'alternateur doit etre imposee a un instant donne, ou 

dans la definition d'un ou de plusieurs modes de charge forcee. Ces 

modes de charge forcee peuvent etre definis avec diff erentes 

10 tensions d'alternateur Valt Mid selon les modes. On peut par 

exemple definir differents modes de charge forcee suivant 

differentes conditions de niveau de charge de la seconde batterie et 

differentes conditions de type de roulage et/ou de point de 

fonctionnement du moteur detecte. 

15 Les accumulateurs electriques designes sous le terme de 

premiere et seconde batterie peuvent etre des batteries 

d'accumulation de type electrochimique, par exemple une premiere 

batterie au plomb et une seconde batterie de type lithium-ion. On 

peut egalement envisager d'utiliser pour la seconde batterie d'autres 

20 types de batteries lithium que les batteries lithium-ion, d'autres 

batteries de type electrochimique ou encore un ou plusieurs 

supercondensateurs. 

L'invention peut etre utilisee pour un systeme d'alimentation 

d'un vehicule a propulsion par un moteur thermique. Elle peut 

25 egalement etre utilisee pour un systeme d'alimentation electrique 

d'un vehicule a propulsion hybride thermique electrique. Dans ce 

dernier cas, on peut par exemple utiliser une batterie au lithium 

comme premiere batterie servant a la fois pour le demarrage du 

vehicule et pour la propulsion occasionnelle du vehicule, et une 

30 seconde batterie de type supercapacite pour accumuler de l'energie 

pendant les phases de deceleration. Il faut done comprendre dans 

cette demande le terme « batterie d' accumulation electrique » au 

sens large puisqu'il englobe des systemes de stockage de type 

supercapacite. 

35 Le systeme selon !'invention permet de reduire la 

consommation globale en carburant du vehicule, de prolonger la 

duree de vie de la premiere batterie, et, dans le cas ou on utilise 
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comme seconde batterie une batterie au lithium reconditionnee, de 

reduire le cofit et l'empreinte ecologique du systeme. 

11 est a noter que le concept d'utilisation de deux batteries 

pour des usages differents peut etre elargi a plus de deux batteries. 

5 En effet il est enviseageable d'utiliser egalement une troisieme 

batterie connectee au reseau de bord par l'intermediaire d'un 

convertisseur CC/CC et d'un commutateur, ce commutateur etant 

ferme en mode « parking » c'est-a-dire moteur arrete, pour fournir 

l'energie electrique necessaire aux consommateurs du reseau de 

10 bord. Avantageusement cette troisieme batterie est constituee de 

modules recuperes d'une batterie de traction de vehicule electrique, 

beneficie des meilleurs points de rendement du moteur et de 

l'alternateur pour etre rechargee (par exemple en deceleration, de la 

meme maniere que la deuxieme batterie au lithium), et beneficie 

15 d'un systeme de recharge complementaire tel qu'un panneau solaire. 

De meme la premiere batterie plomb utilisee pour le 

demarrage du vehicule, peut etre connectee au reseau de bord par 

l'intermediaire d'un commutateur, permettant de specialiser encore 

plus son utilisation : ce commutateur est par exemple ferme 

20 seulement au demarrage, et sur les meilleurs points de rendement du 

moteur et de l'alternateur lorsque son etat de charge est en dessous 

d'un certain seuil. 

Il est a noter que !'utilisation d'un commutateur entre d'une 

part une premiere batterie et le reseau de bord et d'autre part une 

25 deuxieme batterie et le reseau de bord permet d'utiliser pour ces 

deux batteries des batteries plomb identiques connectees en 

para11ele de l'altemateur sans CC/CC intermediaire tout en leur 

attribuant un role specifique ( demarrage pour l'une, consommation 

du reseau de bord pour l'autre) et en les faisant recharger aux 

30 meilleurs points de rendement du moteur et de l'alternateur. 
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REVENDICATIONS 

1. Systeme (1) d'alimentation en energie electrique d'un

vehicule, comprenant 

5 -un reseau (2) a courant continu, d'au moins un organe (6)

consommateur electrique, apte a etre alimente dans une gamme de 

tensions inferieure ou egale a une tension maximale de reseau 

(Vmax_reseau), 

-une premiere batterie (4) d'accumulation clectrique 

10 connectee au reseau (2), et presentant une premiere tension 

maximale a vide (VOmax_Battl) inferieure a la tension maximale de 

reseau (Vmax_reseau), 

-une seconde batterie (7) d'accumulation electrique 

connectee au reseau (2), presentant une seconde tension maximale a

15 vide (V0max_Batt2), superieure a la tension maximale a vide de la 

premiere batterie (VOmax _ Battl), et une tension minimale a vide 

acceptable (V0mini_Batt2) inferieure a la tension maximale de 

rcseau (Vrnax_rcseau), 

-un alternateur (3) pilotable connecte au reseau (2), et apte a

20 delivrer a la seconde batterie (7) une energie electrique sous une 

tension de consigne pilotable a differentes valeurs de cons1gne 

(Valt_basse, Valt_haute ), 

caracterise en ce que le systeme comprend en outre une unite 

de gestion electronique ( 10), configuree pour imposer a

25 l'alternateur (3) lors du roulage du vehicule, successivement au 

moins deux tensions de consigne differentes, a savoir une tension 

basse d'altemateur (Valt_basse) qui est stricternent superieure a la 

premiere tension maximale a vide de la premiere batterie 

(VOmax_Battl), et une tension haute d'alternateur (Valt_haute) qui 

30 est strictement superieure a la fois a la tension minimale a vide de 

la seconde batterie (V0mini_Batt2), et a la tension basse 

d'alternateur (Valt_basse). 

2. Systeme selon la revendication 1, comportant en outre un

transformateur de tension (8) de type CC/CC apte a abaisser la 

35 tension delivree par la seconde batterie (7) au reseau, et dans lequel 

la seconde tension rnaxirnale a vide (V0rnax_Batt2) de la seconde 
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batterie (7) est superieure a la tension maximale de reseau 

(Vmax_reseau). 

3. Systeme selon la revendication 2, dans lequel le

transformateur de tension (8) est bidirectionnel, et est apte a 

5 alimenter la seconde batterie (7) a une tension superieure a la 

tension maximale du reseau (Vmax_reseau) quand l'alternateur (3) 

debite un courant sous la tension haute d'alternateur (Valt_haute). 

4. Systeme selon l'une des revendications precedentes, dans

lequel la premiere batterie ( 4) est unc batterie au plomb, et la 

10 seconde batterie (7) est une batterie au lithium. 

5. Systeme selon l'une des revendications precedentes, dans

lequel l'unite de gestion electronique ( 10) est configuree pour ouvrir 

un interrupteur ( 1 l) de la seconde batterie (7) quand le moteur du 

vehicule est arrete et, si la tension de la premiere batterie ( 4) passe 

15 sous un premier seuil et simultanement la tension de la seconde 

batterie est au dessus d'un second seuil, pour refermer cet 

interrupteur C 11) pendant une periode predeterminee avant 

d'effectuer le prochain demarrage du vehicule. 

6. Procede de gestion d'un vehicule automobile equipe d'une

20 premiere batterie (4) et d'une seconde batterie (7) d'alimentation en 

energie electrique, les deux batteries presentant des tensions 

maximales a vides (V0max_Battl2, V0max_Batt2) differentes et 

etant connectees a un meme alternateur (3) et a un meme reseau 

electrique a courant continu du vehicule (2), caracterise en ce que 

25 l'on impose une tension basse d'alternateur (Valt_basse) pendant des 

premieres phases de roulage du vehicule, et l'on impose une tension 

haute d'alternateur (Valt_haute) plus elevee que la tension basse 

d'alternateur pendant des secondes phases de roulage du vehicule 

telles que des phases de freinage recuperatif, moins consommatrices 

30 en carburant que les premieres phases. 

7. Procede selon la revendication 6, dans lequel on impose la

tension haute d' alternateur (V alt_ haute) quand le vehicule est en 

phase de deceleration recuperative, et on impose la tension basse 

d 'alternateur (Valt _ basse) quand le vehicule est dans une phase 

35 d'acceleration du moteur. 

8. Procede selon les revendications 6 a 7, dans lequel on

impose une tension intermediaire d'alternateur (Valt Mid), 
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strictement supeneure a la tension basse d'alternateur (Valt basse) 

et inferieure ou egale a la tension haute d'alternateur (Valt_haute), 

quand un niveau de charge de la seconde batterie (7) devient 

inferieur a une charge seuil, et/ou quand un certain mode de roulage 

5 du vehicule autre que la deceleration, est detecte, et/ou si le courant 

delivre par la seconde batterie (7) au reseau depasse un certain 

seuil. 
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TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW. 

(84) Etats designes (sauf indication contraire, pour tout titre 
de protection regionale disponible) : ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), eurasien (AM, AZ, BY, KG, KZ, RU. TJ,
TM), europeen (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, �L, NO, PL, PT, RO, RS, SE. SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, Cl, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

[Suite sur lapa1:e suivante] 
--------------------------------------------------

(54) Title: METHOD OF RECHARGING A PAIR OF VEHICLE BATTERIES OF DIFFERENT NOMINAL VOLTAGES, AND
ASSOCIATED SYSTEM

(54) Titre : PROCEDE DE RECHARGEME>JT D'UN COUPLE DE BATTERTES DE VEHTCULE DE TENSTONS NOMTNALES
DIFFERENTES, ET SYSTEME ASSOCIE
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(V0mini_Batt2), and than the low alternator voltage (Valt_low). 

(57) Abrege : 

(57) 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 (V0max_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 (V0-
max_Batt2), which is greater than the maximum voltage 
when unloaded of the first battery (V0max_Battl), and a
minimum acceptable voltage when unloaded 
(V0mini_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, configu­
red to impose at least two different 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 (V0max_Battl), and a high alternator voltage
(Valt_high) which is strictly greater both than the minimum
voltage when unloaded of the second battery

[Suite sur la page suivante] 
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Un systeme d'alimentation en energie electriqne d'nn vehicnle. comprend: -1111 resean d'organes consommateurs electriqnes, apte a 
etre alimente dans une gamme de tensions inferieure ou egale a une tension maximale de reseau (Vmax_reseau), -une premiere 
batterie d'accumulation electrique connectee au reseau, el presentant une premiere tension maximale a vide (VOmax_Battl) infe­
rieure a la tension maximale de reseau (Vmax_resean), -une seconde batterie d'accumulation electrique connectee an reseau, pre­
sentant nne seconde tension maximale a vide (V0max_Batt2), superieure a la tension maxirnale a vide de la premiere batterie (V0-

max_Battl), et nne tension minimale a vide acceptable (V0mini_Batt2) inferieure a la tension maximale de reseau (Vmax_resean), 
-un alternateur pilotable connecte au reseau, et apte il delivrer il la seconde batterie une energie electrique sous une tension de 
consigne pilotable a differentes valeurs de consigne (Valt_basse, Valt_haute). Le systeme comprend en outre une nnite de gestion 
electronique, configuree pour imposera l'alternateur lors du roulage du vehicule, successivement au moins deux tensions de

consigne differentes, a savoir une tension basse d'alternateur (Valt_basse) qui est strictement superieure a la premiere tension
maximale a vide de la premiere batterie (V0max_Battl), et une tension halite d'alternateur (Valt_haute) qui est strictement supe -
ricurc a la fois a la tension minimalc a vidc de la sccondc battcric (V0mini_Batt2), ct a la tension bassc d'altcrnatcur (Valt_bassc ). 
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PROCEDE DE RECHARGEMENT D'UN COUPLE DE 

BATTERIES DE VEHICULE DE TENSIONS NOMINALES 

DIFFERENTES, ET SYSTEME ASSOCIE 

5 L'invention se rapporte aux systemes d'alimentation 

electrique de vehicules automobiles a propulsion par un moteur 

thennique ou a propulsion hyhride thermique-electrique, et 

notamment aux systemes d'alimentation electrique comprenant 

plusieurs batteries de types differents. 

1 O On peut en effet souhaiter utiliser differents types de 

batteries en parallele afin de tirer parti par exemple de la bonne 

capacite d'une batterie au plomb a fournir de l'energie pour un 

demarrage a froid, et de la forte energie specifique ainsi que de la 

plus grande endurance en terme de cycles de charge et de decharge 

15 d'une batterie de type lithium-ion. 

La demande de brevet US 2011 00 1352 decrit ainsi un 

systeme ou les deux types de batteries sont presentes, les tensions a

vide et les resistances internes des deux batteries etant choisies de 

maniere a ce que, pour une tension d'alternateur constante, ce soit 

20 de maniere preferentielle la batterie au lithium qui se decharge puis 

se recharge, la batterie au plomb subissant ainsi un moindre nombre 

de cycles de charge et de decharge. 

25 

L'utilisation de la batterie au plomb est alors reservee de 

maniere preferentielle aux phases de demarrage du vehicule. 

Pour permettre d'ohtenir 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 

capacite energetique maximale de la batterie au lithium s'en trouve 

done limitee. 

30 Un tel systeme pennet d'augmenter la duree de vie de la 

batterie au plomb, mais oblige a limiter les performances des 

batteries au lithium utilisees. En outre, la tension constante de 

l'alternateur doit etre choisie suffisamment elevee pour permettre de 

recharger simultanement la hatterie au plomb et la hatterie au 

35 lithium, ce qui induit une surconsommation de carburant par rapport 

a un systeme muni uniquement d'une hatterie au plomh. 
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L'invention a pour but de proposer un systeme 

d'alimentation electrique d'un vehicule comprenant deux batteries, 

ce systeme permettant non seulement d'augmenter la duree de vie de 

la batterie au plomb, mais egalement de reduire la consommation 

5 moyenne en carburant du vehicule. 

A cet effet, un systeme d'alimentation en energie electrique 

d'un vehicule, comprend : 

-un reseau a courant continu, d'au moms un organe

consommateur electrique, aptc a etre alimente dans unc gamme de 

10 tensions inferieure ou egale a une tension maximale de reseau, 

-une premiere batterie d'accumulation electrique connectee

au reseau, et presentant une premiere tension maximale a vide 

inferieure a la tension maximale de reseau, 

-une seconde batterie d'accumulation electrique connectee au

15 reseau, presentant une seconde tension maximale a vide, superieure 

a la tension maximale a vide de la premiere batterie, et une tension 

minimale a vide acceptable inferieure a la tension maximale de 

reseau, 

-un alternateur pilotable connecte au reseau, et apte a

20 delivrer a la seconde batterie une energie electrique sous une 

tension de consigne pilotable a differentes valeurs de consigne. 

Le systeme comprend en outre une unite de gestion 

electronique, configuree pour imposer a l'alternateur lors du roulage 

du vehicule, successivement au moins deux tensions de consigne 

25 differentes, a savoir une tension basse d'alternateur qui est 

strictement superieure a la premiere tension maximale a vide de la 

premiere hatterie, et une tension haute d'alternateur qm est 

strictement superieure a la fois a la tension minimale a vide de la 

seconde batterie, et a la tension basse d'alternateur. Selon certaines 

30 variantes de realisation, l' alternateur peut etre un systeme 

d'alternateur comprenant un alternateur associe a un transformateur 

CC/CC (courant continu/courant continu, encore appele 

« DC/DC converter» en anglais). L'alternateur peut alors etre 

pilotable lui-meme en tension. Selon un autre mode de realisation, 

35 la tension de consigne peut etre pilotable en modifiant uniquement 

la consigne du transformateur CC/CC, l'alternateur n'etant pas 

pilotable en tension. Selon encore un autre mode de realisation, la 
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tension de cons1gne peut etre pilotable en modifiant a la fois la 

tension delivree par l'alternateur et la consigne du transformateur 

CC/CC. 

Selon un mode de realisation ameliore, le systeme comporte 

5 en outre un transformateur de tension de type CC/CC apte a abaisser 

la tension delivree par la seconde batterie au reseau. La seconde 

tension de fonctionnement a charge complete de la seconde batterie 

peut alors etre superieure a la tension maximale de reseau. 

A vantageusement le transformateur de tension est 

10 bidirectionnel, et est apte a alimenter la seconde batterie a une 

tension superieure a la tension maximale du reseau quand 

l'alternateur debite un courant sous la tension haute d'alternateur. 

La premiere batterie peut etre une batterie au plomb, et la 

seconde batterie peut etre une batterie au lithium, en particulier une 

15 batterie de type lithium-ion. La seconde batterie peut egalement etre 

une batterie au plomb ( classique ou au plomb renforce ou encore 

VRLA d'apres l'anglais « Valve Regulated Lead Acide Battery ») de 

caracteristiques differentes de la premiere hatterie. 

L'unite de gestion electronique peut etre configuree pour 

20 ouvrir un interrupteur de la seconde batterie quand le vehicule est 

dans un mode parking, c'est-a-dire moteur arrete, et peut etre 

configuree, si la tension de la premiere batterie passe sous un 

premier seuil et simultanement la tension de la seconde batterie est 

au dessus d'un second seuil, pour refermer cet interrupteur pendant 

25 une periode predeterminee avant d'effectuer le demarrage suivant du 

vehicule. Cette periode predeterminee permet de recharger 

partiellement I a premiere hatterie. 

Selon un autre aspect, dans un procede de gestion d'un 

vehicule automobile equipe d'une premiere batterie et d'une seconde 

30 batterie d'alimentation en energie electrique, les deux batteries 

presentant des tensions maximales a vides differentes et etant 

connectees a un meme alternateur et a un meme reseau electrique a 

courant continu du vehicule, on impose une tension basse 

d'alternateur pendant des premieres phases de roulage du vehicule, 

35 et l'on impose une tension haute d'alternateur plus elevee que la 

tension hasse d'alternateur pendant des secondes phases de roulage 

du vehicule telles que des phases de freinage recuperatif, moins 
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consommatrices en carburant que les premieres phases. Les 

premieres phases de roulage c01Tespondent a des phases de roulage 

hors deceleration. A vantageusement, ce  procede peut etre applique a 

un vehicule automobile ou la premiere batterie, la seconde batterie 

5 et l'alternateur sont branches en parallele. 

De maniere preferentielle, on impose la tension haute 

d'a1ternateur quand le vehicule est en phase de deceleration 

recuperative, et on impose la tension basse d'alternateur quand le 

vehicule est dans une phase d'acceleration du moteur. 

10 On peut imposer une tension intermediaire d'alternateur, 

strictement superieure a la tension basse d'alternateur et inferieure 

ou egale a la tension haute d'alternateur, quand un niveau de charge 

de la seconde batterie devient inferieur a une charge seuil, et/ou 

quand un certain mode de roulage du vehicule autre que la 

15 deceleration, est detecte, et/ou si le courant delivre par la seconde 

batterie au reseau depasse un certain seuil. Le niveau de la tension 

intermediaire d'alternateur peut etre different dans les differents cas 

cites. 

On peut par exemple alimenter la seconde batterie a l'aide 

20 d'un transformateur CC/CC en amenant la tension aux homes de la 

25 

batterie a une valeur comprise entre 15V et 17V pendant les phases 

de deceleration recuperative du vehicule. 

Le systeme peut comprendre des panneaux solaires 

embarques sur le vehicule, et connectes au reseau. 

Le systeme peut egalement comprendre une prise electrique 

adaptee pour un rechargement de la seconde batterie sur un reseau 

exterieur au vehicule. 

Selon un mode de realisation pref ere, la seconde batterie 

peut etre une batterie au lithium reconditionnee ayant deja servi a 

30 fournir de l'energie de propulsion automobile. Typiquement la 

seconde batterie au lithium est composee de deux modules « uses » 

d'une batterie de traction pour vehicule electrique, c'est-a-dire dont 

l'etat de charge est compris entre 70% et 80% de leur capacite 

initiale. Le systeme selon !'invention utilise ces modules dans une 

35 plage de tension correspondant a un etat de charge compris entre 5 % 

et 30% de leur capacite initiale. Pour ne pas decharger ces modules 

en dec,;a de leur etat de charge d'utilisation, un commutateur est 
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place entre la batterie au lithium et le reste du systeme, ce 

commutateur etant ouvert des que l'etat de charge de la batterie 

atteint un etat de charge de 5% et n'est plus rechargee par le 

systeme selon !'invention, done typiquement en mode « parking »,

5 c'est-a-dire lorsque le moteur du vehicule est arrete. 

L'unite de gestion electronique peut par exemple etre 

configuree pour imposer une tension hasse d'alternateur qui est 

inferieure OU egale a 1,05 fois la tension maximale a vide de la 

premiere batterie, voire inferieure a 1,035 fois la tension maximale 

10 a vide de la premiere batterie. 

La tension basse d'alternateur peut par exemple etre 

comprise entre 12,8 et 13,5V, et la tension haute d'alternateur peut 

etre comprise entre 14 et 15V. 

Selon un mode de realisation avantageux, on peut alimenter 

15 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 deceleration recuperative du vehicule. 

D'autres huts, caracteristiques et avantages de ]'invention 

apparai'tront a la lecture de la description suivante, donnee 

20 uniquement a titre d'exemple nullement limitatif, et faite en 

25 

30 

reference aux dessins annexes, sur lesquels 

la figure 1 est une representation schematique d'un 

systeme d'alimentation selon !'invention, 

la figure 2 est un graphique representant les 

niveaux relatifs de differentes tensions intervenant 

dans le fonctionnement du systeme d'alimentation 

de la figure I, 

la figure 3 est un algorithme illustrant un mode de 

gestion possible du systeme d'alimentation de la 

figure 1. 

Tel qu'illustre sur la figure 1, un systeme 1 d'alimentation 

electrique d'un vehicule comprend un reseau electrique 2, un 

alternateur 3, une premiere batterie 4, par exemple une batterie au 

plomb, une seconde batterie 7, par exemple une batterie de type 

35 lithium-ion, et une unite de gestion electronique lo. La seconde 

batterie 7 est mumc d'un interrupteur 11 permettant de la 

deconnecter du reseau 2. L'alternateur 3 est apte a convertir de 
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l'energie mecanique prelevee sur un arbre relie a un moteur 

thermique (non represente) en energie electrique envoyee sur le 

reseau electrique 2. 

Sur le reseau electrique 2 sont disposes des consommateurs 

5 electriques 6, comme par exemple un dispositif de climatisation, des 

moyens d'eclairage et des moyens de chauffage. L'alternateur 3 est 

connecte aux homes de la premiere batterie 4. La seconde batterie 7 

est connectee en parallele a la premiere batterie 4. Les 

consommateurs electriques 6 sont branches en parallele sur le reseau 

10 2. Le reseau 2 comprend une mise a la masse 5 sur le chassis du

vehicule. Le reseau 2 alimente egalement un demarreur apte a lancer

le moteur thermique du vehicule afin d'initier le premier cycle de

combustion.

Selon les variantes de realisation, la seconde batterie 7 peut 

15 etre reliee a un transformateur CC/CC 8 connecte en serie a la 

batterie 7, de maniere a ce que la tension aux bornes de la seconde 

batterie 7 puisse etre plus elevee que la tension maximum du reseau 

2. 

Dans les variantes de realisation ou la seconde batterie 7 est 

20 associee a un transformateur de type CC/CC 8, des moyens de 

production d'energie tels que des panneaux solaires 9 peuvent etre 

branches aux bornes de la seconde batterie 7, ce qui autorise la 

tension maximale delivree par ces panneaux solaires 9 a etre plus 

elevee que la tension maximum du reseau 2. L'unite de gestion 

25 electronique est reliee 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 premiere valeur notee Valt _ basse et une seconde valeur notee 

Valt _ haute plus elevee que la premiere valeur. 

30 L'unite de gestion electronique 10 est egalement reliee a

l'interrupteur 11 qui, peut etre de type mecanique­

electromagnetique, ou de type electronique, par exemple sous forme 

d'un transistor. En ouvrant l'interrupteur 11, l'unite de gestion 

electronique 10 peut deconnecter la seconde batterie 7 du reseau, et 

35 eviter une decharge intempestive de cette seconde batterie 7. 

La premiere batterie, notamment si la premiere batterie est 

une batterie au plomb, peut etre utilisee de maniere preferentielle au 

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1477 of 2235



WO 2012/160292 PCT/FR2012/051081 

7 

moment des demarrages du moteur thermique du vehicule, pour 

alimenter un demarreur. L'unite de gestion electronique 10 

deconnecte la seconde batterie 7 (par exemple une batterie lithium, 

et plus precisement de type lithium-ion) a l'aide de l'interrupteur 

5 11, des que le vehicule est en mode « parking ». On evite de cette 

maniere de decharger la batterie 7. La seconde batterie 7 reste alors 

deconnectee du reseau jusqu'a ce que le prochain demarrage du 

moteur du vehicule ait ete effectue. 

Les batteries au plomb ont en effet une excellente capacite 

10 de demarrage a froid, et c'est done la premiere batterie 4 au plomb 

qui est utilisee au moment du demarrage du moteur thermique du 

vehicule. 

Les batteries au lithium ont une meilleure endurance en 

terme de cyclages, et c'est done la seconde batterie qui est utilisee 

15 pour alimenter le reseau de bord du vehicule pendant le roulage du 

vehicule. La tension du reseau c'est-a-dire la tension mesurable 

entre les homes de la premiere batterie 4, est imposee par celui des 

trois e1ements, parmi 1'a1ternateur 3, 1a premiere batterie 4 et la 

deuxieme batterie 7 eventuellement associee a un transformateur 

20 CC/CC, qui presente entre ses deux homes la tension la plus elevee. 

Par « homes » de chacun des elements, on entend les deux 

points de connexion de cet element au reseau 2. 

Dans le eas ou le systeme inclut un transformateur CC/CC 8, 

connecte comme decrit sur la figure 1, on entend par tension aux 

25 homes de !'ensemble [seconde batterie 7, transformateur CC/CC 8], 

la tension entre les deux points de connexion de cet ensemble, au 

reseau 2. 

Quand l'altemateur 3 ne toume pas, par exemple au moment 

du demarrage du vehicule, et que la seconde batterie 7 est 

30 deconnectee au moyen de l'interrupteur 11, c'est la premiere 

batterie 4 qui impose la tension sur le reseau 2. 

Quand le vehicule roule et que l'altemateur 3 fonctionne, on 

choisit de piloter la consigne de tension de l'altemateur 3 au dessus 

de la tension maximale a vide de la premiere batterie 4. De cette 

35 maniere, ce n'est pas la premiere batterie 4 qui foumit l'energie 

electrique du circuit 2. Selon que la tension de l'altemateur 3 est 

plus elevee ou plus basse que la tension de la seconde batterie 7, ce 

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1478 of 2235



WO 2012/160292 PCT/FR2012/051081 

8 

sera alors soit l'alternateur 3, soit la seconde batterie 7, soit les 

deux simultanement, qui fourniront l'energie electrique du reseau 2. 

Dans le cadre de !'invention, 

batterie 7 dont la tension maximale 

on choisit une seconde 

a vide est suffisamment 

5 superieure a la tension maximale a vide de la premiere batterie 4, de 

maniere a pouvoir imposer alternativement deux modes de 

fonctionnement. Dans le premier mode de fonctionnement, la 

tension d'alternateur est fixee a une valeur basse « Valt_basse », qui 

est superieure a la tension a vide maximale de la premiere batterie 

10 « VOmax battl », elle-meme inferieure a la tension maximale 

toleree par le reseau « Vmax _ reseau ». La tension d'alternateur 

« Valt basse » est inferieure a la tension maximale a vide de la 

seconde batterie 7 « VOmax_batt2 ». Dans un second mode de 

fonctionnement, la tension d'alternateur est egale a une valeur haute 

15 de tension d'alternateur « Valt _ haute », qui est superieure a la 

tension basse d'alternateur, tout en restant inferieure a I a tension 

maximale toleree par le reseau. 

De cette maniere, quand l'alternateur 3 est regule pour 

delivrer la tension basse d'alternateur, et que la seconde batterie 7 

20 est suffisamment chargee pour que sa tension soit superieure a la 

tension basse d'alternateur, c'est la seconde batterie 7 qui fournit 

l'energie electrique au reseau 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 

25 l'energie electrique du reseau 2 est fournie par la seconde batterie 7, 

et une partie de l'energie electrique est fournie par l'alternateur 3. 

Quand l'unite de gestion electronique 10 impose le second 

mode de fonctionnement, ou c'est la tension haute d'alternateur qui 

est imposee, si la tension a vide de la seconde batterie est inferieure 

30 a la tension haute d'alternateur, c'est alors l'alternateur qui fournit 

l'energie electrique au reseau et qui fournit simultanement une 

energie permettant la recharge de la seconde batterie 7. 

Si aucun autre moyen que l'alternateur 3 n'est prevu pour 

recharger la seconde batterie 7, la seconde batterie 7 pourra done s e 

35 recharger pendant les phases ou c'est la tension haute d'alternateur 

qui est imposee, et pourra fournir de l'energie au reseau tant que sa 

tension restera superieure a la tension basse d'alternateur, pendant 
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les phases ou l'unite de gestion electronique 10 impose la tension 

basse d'alternateur. 

On impose de preference une tension basse d'alternateur tout 

juste superieure a la tension maximale a vide de la premiere 

5 batterie, de maniere ace que, pendant les phases ou la tension basse 

d'alternateur est imposee, l'alternateur preleve le moins possible 

d'energie mecanique sur l'arbre moteur entrai'ne par le moteur 

thermique. L'alternateur ne cree ainsi qu'une surconsommation 

limitee de carburant, tout en assurant que la premiere batterie reste 

10 constamment chargee a son niveau maximal. 

Dans le premier mode de fonctionnement, tant que la seconde 

batterie 7 est suffisamment chargee (c'est-a-dire tant que sa tension 

est superieure a la tension basse d'alternateur), c'est la seconde 

batterie 7 qui fournit l'energie electrique au reseau 2. 

15 Les phases ou l'on impose la tension haute d'alternateur en 

vue de recharger la seconde batterie 7, sont de preference les phases 

de roulage a faible cout en carburant, par exemple les phases de 

deceleration recuperative, c'est-a-dire si le vehicule est dans un 

mode de deceleration permettant d'utiliser le frein moteur, et 

20 d'utiliser une partie de l'energie mecanique de l'arbre moteur pour 

faire tourner l'alternateur. Il suffit par exemple pour cela que la 

consigne a la pedale du vehicule corresponde a une phase de 

deceleration moteur. 

Une partie de l'energie cinetique de freinage du vehicule sert 

25 alors a recharger la seconde batterie 7. Cette energie recuperee 

pendant les phases de freinage permet ensuite d'economiser du 

carburant, en limitant la tension d'alternateur imposee pendant les 

phases de roulage correspondant au premier mode de 

fonctionnement. 

30 La figure 2 illustre un exemple de positionnement relatif des 

differentes valeurs de tensions mentionnees precedemment dans la 

description du systeme d'alimentation electrique 1. Les differents 

niveaux representes sur la figure 2 illustrent la tension minimale a 

vide de la premiere batterie 4 soit VOmini_ battl , la tension 

35 maximale a vide de la premiere 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, la tension haute 

d'alternateur Valt_haute et la tension maximale Vmax_reseau que le 

reseau 2 est capable de supporter sans etre endommage. 

De maniere typique, si l'on fonctionne avec une batterie au 

5 plomb comme premiere batterie 4, et avec, comme seconde batterie, 

une batterie de type lithium-ion issue de la recuperation de batteries 

lithium-ion ayant servi a propulser des vehicules electriques ou 

hybrides, la tension minimale a vide VOmini _ battl de la premiere 

batterie au plomb est de l'ordre de 12 volts, et correspond 

IO sensiblement a la tension minimale a vide V0mini_batt2 de la 

seconde batterie au lithium, ou est un peu inferieure. 

La tension maximale a vide VOmax _ battl de la premiere 

batterie au plomb est de l'ordre de 12,8 volts, et la tension basse 

d'alternateur Valt _ basse que l'on impose pour etre juste au dessus 

15 de cette tension maximale a vide est de l'ordre de 13,2 volts. 

La tension rnaxirnale a vide V0rnax_batt2 de la seconde 

batterie au lithium peut etre de l'ordre de 16,8 volts, et la tension 

haute d'altemateur Valt haute de l'ordre de 15 volts afin de rester 

en dessous de la valeur maximale acceptee par le reseau 

20 Vmax_reseau, qui elle, est de l'ordre de 16 volts. 

II est envisageable d'utiliser d'autres types de batterie pour 

la premiere et pour la seconde batterie, et la tension maximale de la 

seconde batterie n'est pas obligatoirement superieure a la tension 

maximale du reseau. La tension basse d'alternateur doit de 

25 preference etre superieure a la tension maximale a vide de la 

premiere batterie. On pourrait eventuellement envisager un mode de 

realisation ou la tension basse d'alternateur serait trcs lcgcrement 

inferieure a la tension maximale a vide de la premiere batterie, mais 

on imposerait alors inutilement des cycles de charge et de decharge 

30 a la premiere batterie en reduisant la duree de vie de celle-ci. 

35 

La tension maximale de la seconde batterie devra etre 

obligatoirement superieure a la tension maximale a vide de la 

premiere batterie, de maniere a pouvoir definir une valeur de 

tension basse d'alternateur entre ces deux valeurs de tension 

maximale a vide des deux batteries. 

La tension haute d'alternateur peut ctre cgalc, vmre 

superieure 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 inferieure 

a la tension maximale toleree par le reseau. 

La tension minimale a vide de la seconde batterie doit etre 

inferieure a la tension haute d'alternateur afin de permettre une 

5 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 etre rechargee, outre pendant les 

phases ou l'alternateur tourne a sa valeur de tension elevee, par des 

moycns de production electriques supplementaires tels que les 

IO panneaux solaires 9. Dans le cas ou la tension maximale a vide de la 

seconde batterie est inferieure a la tension maximale toleree par le 

reseau, ou dans le cas ou le systeme comprend un transfonnateur 

CC/CC apte a abaisser la tension delivree par la seconde batterie a

une tension inferieure a la tension maximale toleree par le reseau, 

15 on peut egalement envisager de recharger la seconde batterie 7 sur 

un reseau exterieur au vehicule, par exemple sur une aire de 

stationnement. 

La tension maximale a vidc de la seconde batterie 7, c'est-a­

dire VOmax_batt2, peut etre inferieure ou superieure a la tension 

20 maximale acceptee par le reseau 2. Si la tension maximale a vide de 

la seconde batterie est superieure a la tension maximale acceptee par 

le reseau Vmax_reseau, selon une premiere variante de realisation, 

on exploite la seconde batterie 7 sur une partie seulement de son 

domaine de fonctionnement c'est-a-dire par exemple entre la tension 

25 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 acceptee par la seconde batterie 7, si par exemple le systeme 

30 est muni d'un transformateur CC/CC 8, apte a abaisser la tension 

delivree par la seconde batterie 7 de maniere a l'amener a une 

valeur inferieure OU egale a la tension maximale toleree par le 

reseau. 

Dans ce cas, on peut par exemple envisager de charge la 

35 seconde batterie 7 a sa tension maximale a vide a partir d'un reseau 

exterieur au vehicule, quand le vehicule est a l'arret. On utilise 

ensuite cette reserve d'energie pendant le roulage du vehicule en la 

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1482 of 2235



WO 2012/160292 PCT/FR2012/051081 

12 

completant par une recharge partielle de la batterie a une tension 

haute d'alternateur quand le vehicule est en deceleration 

recuperative. 

Si le transformateur CC/CC est bidirectionnel, on peut meme 

5 envisager de charger la seconde batterie a sa tension maximale a

vide en elevant la tension aux bornes de la seconde batterie 7 par 

rapport a la tension haute d'alternateur pendant les phases de 

deceleration recuperative. 

Par sccuritc, afin d'cvitcr une dcchargc meme particllc de la 

10 premiere batterie 4, la tension basse d'alternateur est choisie 

legerement superieure a la tension maximale a vide de la premiere 

batterie 4. 

La tension minimale a vide de la seconde batterie 7 est de 

preference inferieure a la tension basse d'alternateur de maniere a

15 ce que, lorsque le vehicule est dans un mode de roulage ou la 

tension basse d'alternateur est irnposee par l'unite de gestion 

electronique 10, l'energie fournie par l'alternateur vienne 

autornatiqucrncnt completer l'cncrgic fournic par la sccondc battcric 

7 lorsque la tension de celle-ci vient a baisser. On evite ainsi que la 

20 tension de la seconde batterie 7 puisse descendre a la tension 

minimale toleree VOmini_batt2. 

On pourrait envisager des variantes de realisation ou la 

tension minimale a vide de la seconde batterie serait superieure a la 

tension basse d'alternateur, mais il faut pour une telle variante que 

25 l'unite de gestion electronique 10 impose une tension haute 

d'alternateur avant que la tension de la seconde batterie 7 ne 

descende en dessous de sa valeur rninirnale. Tl faut, dans tous les 

cas, que la tension minimale a vide de la seconde batterie 7 soit 

inferieure a la tension haute d'alternateur. 

30 La tension basse d'alternateur est de preference inferieure a

la tension maximale a vide de la seconde batterie 7. Elle est aussi 

proche que possible, par valeur superieure, de la tension maximale a

vide de la premiere batterie, tout en gardant une marge d'ecart afin 

d'etre sfir que l'alternateur regule en tension basse d'alternateur 

35 reste au dessus de cette valeur minimale VOmax battl . 

Tl est avantageux d'utiliser une seconde batterie 7 dont la 

tension maximale a vide VOmax_batt2 est superieure a la tension 
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maximale Vmax reseau du reseau 2, ce qui permet, pour choisir les 

valeurs de la tension basse d'altemateur et de la tension haute 

d'altemateur, de disposer de tout l'intervalle de tension compris 

entre la tension maximale a vide de la premiere batterie 

5 VOmax battl et la tension maximale acceptee par le reseau 

Vmax_reseau. 

On se trouve en particulier dans cette configuration lorsque 

l'on a un reseau 2 du vehicule dont la tension maximale acceptable 

est de l'ordrc de 15 a 16 volts, et que l'on utilise comme premiere 

10 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 reconditionnee suite 

a une utilisation pour la propulsion de vehicule electrique. Une telle 

batterie reconditionnee presente par exemple une tension maximale 

15 a vide de l'ordre de 16,8 volts et une tension minimale a vide 

acceptable voisine de 12 volts. 

Outre le basculement a une tension d'altemateur haute 

pendant les phases de deceleration du vehiculc, des strategics 

complementaires implementees dans l'unite de gestion electronique 

20 10 peuvent etre definies, afin d'eviter une decharge excessive de la 

seconde batterie 7 dans les cas de figure ou les phases de 

deceleration recuperative ne sont pas suffisamment frequentes et/ou 

suffisamment prolongees. 

On peut alors choisir d'imposer une tension d'altemateur 

25 intermediaire entre la tension basse d'altemateur et la tension haute 

d'altemateur, 

d'altcmatcur 

c'est-a-dire strictement superieure a la tension basse 

et infcricurcs ou egalcs a la tension hautc 

d'altemateur. Une ou plusieurs tensions inte1mediaires peuvent 

ainsi etre imposees pendant certaines phases de roulage qui peuvent 

30 laisser supposer que les prochaines decelerations sont eloignees 

dans le temps. Ces phases de roulage peuvent comprendre des modes 

de roulage de type autoroutier. Une ou plusieurs tensions 

intermediaires peuvent egalement etre imposees pour des modes de 

roulage preprogrammes dans l'unite de gestion electronique parce 

35 que le point de fonctionnement du moteur, pour ces modes de 

roulage, correspond a une consornrnation en carhurant rnoins elevee 

que pour d'autres modes de roulage. 
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Le basculement vers une tension intennediaire d'alternateur 

peut egalement etre conditionne par la detection simultanee d'un 

mode de roulage donne, et d'un etat de charge inferieur OU egal a un 

etat de charge seuil de la seconde batterie 7. 

La figure 3 illustre un algorithme 1 qui peut etre implante 

dans l'unite de gestion electronique 10 d'un systeme d'alimentation 

en energie selon ] 'invention. A un instant initial 2 l, c01Tespondant 

par exemple a la mise en service du vehicule ou a sa remise en 

service aprcs un changement de batteries, l'unite de gestion 

10 electronique 10 teste, a une etape 22, si le vehicule est en mode 

parking. 

15 

Si c'est le cas, l'unite de gestion electronique 10 deconnecte, 

si ce n'est deja fait, la seconde batterie 7 du reseau 2 a l'aide de 

l'interrupteur 11, a une etape 23. 

Elle teste ensuite a une etape 24, si la tension aux bornes de 

la seconde batterie 7 est descendue en dessous d'une tension Vmin 

qui peut, par exemple, etre egale a la tension minimale a vide 

V0mini_batt2 de la seconde batterie, ou etre une valeur legerement 

superieure a cette tension minimale a vide. 

20 Si la tension mesuree est inferieure a la tension seuil Vmin, 

25 

l'unite de gestion electronique 10 affiche un message d'alerte 

avertissant le conducteur qu'il doit changer la seconde batterie 7, a

une etape 25. Si la tension est superieure a la tension seuil Vmin, 

l'unite de gestion electronique retourne a l'etape 22. 

Quand le test 22 indique que le vehicule n'est plus en 

configuration de parking, l'unite de gestion electronique 10 teste a

une etape 26 la sante de la seconde hatterie 7. Ce test de sante peut 

par exemple consister a verifier si le nombre de cycles de charges et 

de decharges deja subies par la seconde batterie 7 est inferieur a un 

30 nombre seuil Nmax de charges et de decharges, si les differentes 

cellules de la batterie sont suffisamment equilibrees, et si la tension 

aux homes de la batterie est superieure ou egale a la tension seuil 

Vmin. 

Si la reponse est negative, l'unite de gestion electronique 10 

35 affiche le message d'alerte correspondant a l'etape 25. Si le resultat 

du test 26 est positif, l'unite de gestion electronique effectue un test 

27 pour savoir si le moteur thermique du vehicule est actif. Si ce 
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n'est pas le cas, l'unite de gestion electronique 10 met en place une 

strategie 28 permettant d'alimenter le reseau 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'etape 22. 

5 Lorsque le test 2 7 indique que le moteur thermique du 

vehicule est actif, l'unite de gestion electronique teste a une etape 

29 si le vehicule est dans un mode de deceleration recuperative, 

c'est-a-dire si le vehicule est dans un mode de deceleration 

permettant d'utiliser le frein moteur, en puisant une partie de 

10 l'energie mecanique de l'arbre moteur pour faire tourner 

l'alternateur. II suffit par exemple pour cela que la consigne a la 

pedale du vehicule corresponde a une phase de deceleration moteur. 

Si le vehicule est en mode de deceleration recuperative, 

l'unite de gestion electronique 10 impose a l'alternateur une tension 

15 haute d'alternateur, par exemple 15 volts, a une etape 31, et 

continue a boucler sur le test 29 puis sur le pilotage a la tension 

haute d'alternateur 31, tant que le vehicule est en deceleration. 

Si le vehicule n'est pas en deceleration recuperative a la 

sortie de l'etape de test 29, l'unite de gestion electronique 10 

20 impose a l'alternateur 3 de fonctionner a la tension basse 

d'alternateur, par exemple a 13 volts, a une etape 30. 

Suite a l'etape 30, l'unite de gestion electronique 10 teste si 

le vehicule et la seconde batterie 7 sont dans une configuration « de 

charge forcee ». Une telle configuration de charge forcee peut par 

25 exemple correspondre au cas ou la tension aux bornes de la seconde 

batterie 7 descend en dessous d'une valeur seuil Vi et ou 

simultanement un compteur de temps Ll i, qui comptabilise le temps 

ecoule depuis la derniere deceleration, passe au dessus d'un seuil 

Ll r 1. 

30 Dans ce cas de figure, on peut considerer que la tension de la 

seconde batterie commence a devenir insuffisante, et que le mode de 

roulage detecte n'est pas un mode de roulage ponctue de 

decelerations suffisamment frequentes. 

Si ce test 32 revele que l'on se trouve dans la configuration 

35 de marche forcee, l'unite de gestion electronique 10 impose, a une 

etape 33, unc regulation de l'alternateur 3 a unc tension Valt Mid 

par exemple egale a 14,5 volts, et continue a imposer ce mode de 
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charge forcee tant que le niveau de recharge de la batterie teste a

une etape 34 n'a pas atteint un niveau satisfaisant minimal SOC min. 

Ce niveau de charge minimal peut par exemple etre detecte 

par une baisse du courant de recharge entrant dans la seconde 

5 batterie 7 .

Quand le test de l'etape 34 indique que le niveau de recharge 

de la seconde batterie est suffisant, l'unite de gestion electronique 

10 teste a une etape 3 5 la sante de la seconde batterie 7, par 

exemple en verifiant que la temperature de la batterie ne depasse 

10 pas une temperature Tmax maximale, en verifiant que le niveau 

d'equilibrage entre les differentes cellules est suffisant, OU a defaut 

que ce  niveau pennet encore de reequilibrer les differentes cellules, 

et en verifiant que la tension V aux bornes de la seconde batterie est 

superieure a la tension seuil V min. 

15 Si le niveau de sante detecte a l'etape 3 5 est insuffisant, 

l'unite de gestion electronique 10 affiche le message d'alerte 

correspondant a l'etape 25. Dans le cas contraire, l'unite de gestion 

electronique 10 teste a unc etape 36 si lcs differentes cellules de la 

seconde batterie 7 sont suffisamment equilibrees. Si c'est le cas, 

20 l'unite de gestion electronique revient a l'etape de test 22 

permettant de verifier si le vehicule, entre temps, se trouve en mode 

parking. 

Dans le cas contraire, l'unite de gestion electronique 

declenche un equilibrage des cellules a une etape 3 7 et retourne 

25 egalement a l'etape 22. 

L'objet de !'invention ne se limite pas aux exemples de 

realisation decrits et peut faire l'objet de nombreuses variantes, 

aussi bien en ce  qui concerne l'agencement des differents elements 

du systeme 1, les algorithmes de fonctionnement implantes dans 

30 l'unite de gestion electronique 10 et/ou le choix des types de 

batteries ou autres types d'accumulateurs. 

La tension basse et la tension haute imposees aux bornes de 

la seconde batterie 7, peuvent etre obtenues soit en regulant la 

tension delivree par l'alternateur a deux niveaux differents, soit en 

35 elevant la tension aux bornes de la seconde batterie a l'aide d'un 

transformateur CC/CC. La tension haute peut egalement etre 

obtenue en elevant a la fois la tension de consigne aux bornes de 
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l'alternateur et en transformant cette tension, a l'aide du 

transformateur CC/CC, en une tension encore plus elevee aux bornes 

de la seconde batterie. 

L'algorithme de fonctionnement, dont un exemple est donne 

5 en figure 3, admet de tres nombreuses variantes, notamment en ce 

qui concerne la succession des differents tests pour determiner 

que11e tension d'alternateur doit etre imposee a un instant donne, ou 

dans la definition d'un ou de plusieurs modes de charge forcee. Ces 

modes de charge forcee peuvent etre definis avec diff erentes 

10 tensions d'alternateur Valt Mid selon les modes. On peut par 

exemple definir differents modes de charge forcee suivant 

differentes conditions de niveau de charge de la seconde batterie et 

differentes conditions de type de roulage et/ou de point de 

fonctionnement du moteur detecte. 

15 Les accumulateurs electriques designes sous le terme de 

premiere et seconde batterie peuvent etre des batteries 

d'accumulation de type electrochimique, par exemple une premiere 

batterie au plomb et une seconde batterie de type lithium-ion. On 

peut egalement envisager d'utiliser pour la seconde batterie d'autres 

20 types de batteries lithium que les batteries lithium-ion, d'autres 

batteries de type electrochimique ou encore un ou plusieurs 

supercondensateurs. 

L'invention peut etre utilisee pour un systeme d'alimentation 

d'un vehicule a propulsion par un moteur thermique. Elle peut 

25 egalement etre utilisee pour un systeme d'alimentation electrique 

d'un vehicule a propulsion hybride thermique electrique. Dans ce 

dernier cas, on peut par exemple utiliser une batterie au lithium 

comme premiere batterie servant a la fois pour le demarrage du 

vehicule et pour la propulsion occasionnelle du vehicule, et une 

30 seconde batterie de type supercapacite pour accumuler de l'energie 

pendant les phases de deceleration. Il faut done comprendre dans 

cette demande le terme « batterie d' accumulation electrique » au 

sens large puisqu'il englobe des systemes de stockage de type 

supercapacite. 

35 Le systeme selon !'invention permet de reduire la 

consommation globale en carburant du vehicule, de prolonger la 

duree de vie de la premiere batterie, et, dans le cas ou on utilise 
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comme seconde batterie une batterie au lithium reconditionnee, de 

reduire le cofit et l'empreinte ecologique du systeme. 

11 est a noter que le concept d'utilisation de deux batteries 

pour des usages differents peut etre elargi a plus de deux batteries. 

5 En effet il est enviseageable d'utiliser egalement une troisieme 

batterie connectee au reseau de bord par l'intermediaire d'un 

convertisseur CC/CC et d'un commutateur, ce commutateur etant 

ferme en mode « parking » c'est-a-dire moteur arrete, pour fournir 

l'energie electrique necessaire aux consommateurs du reseau de 

10 bord. Avantageusement cette troisieme batterie est constituee de 

modules recuperes d'une batterie de traction de vehicule electrique, 

beneficie des meilleurs points de rendement du moteur et de 

l'alternateur pour etre rechargee (par exemple en deceleration, de la 

meme maniere que la deuxieme batterie au lithium), et beneficie 

15 d'un systeme de recharge complementaire tel qu'un panneau solaire. 

De meme la premiere batterie plomb utilisee pour le 

demarrage du vehicule, peut etre connectee au reseau de bord par 

l'intermediaire d'un commutateur, permettant de specialiser encore 

plus son utilisation : ce commutateur est par exemple ferme 

20 seulement au demarrage, et sur les meilleurs points de rendement du 

moteur et de l'alternateur lorsque son etat de charge est en dessous 

d'un certain seuil. 

Il est a noter que !'utilisation d'un commutateur entre d'une 

part une premiere batterie et le reseau de bord et d'autre part une 

25 deuxieme batterie et le reseau de bord permet d'utiliser pour ces 

deux batteries des batteries plomb identiques connectees en 

para11ele de l'altemateur sans CC/CC intermediaire tout en leur 

attribuant un role specifique ( demarrage pour l'une, consommation 

du reseau de bord pour l'autre) et en les faisant recharger aux 

30 meilleurs points de rendement du moteur et de l'alternateur. 
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REVENDICATIONS 

1. Systeme (1) d'alimentation en energie electrique d'un

vehicule, comprenant 

5 -un reseau (2) a courant continu, d'au moins un organe (6)

consommateur electrique, apte a etre alimente dans une gamme de 

tensions inferieure ou egale a une tension maximale de reseau 

(Vmax_reseau), 

-une premiere batterie (4) d'accumulation clectrique 

10 connectee au reseau (2), et presentant une premiere tension 

maximale a vide (VOmax_Battl) inferieure a la tension maximale de 

reseau (Vmax_reseau), 

-une seconde batterie (7) d'accumulation electrique 

connectee au reseau (2), presentant une seconde tension maximale a

15 vide (V0max_Batt2), superieure a la tension maximale a vide de la 

premiere batterie (VOmax _ Battl), et une tension minimale a vide 

acceptable (V0mini_Batt2) inferieure a la tension maximale de 

rcseau (Vrnax_rcseau), 

-un alternateur (3) pilotable connecte au reseau (2), et apte a

20 delivrer a la seconde batterie (7) une energie electrique sous une 

tension de consigne pilotable a differentes valeurs de cons1gne 

(Valt_basse, Valt_haute ), 

caracterise en ce que le systeme comprend en outre une unite 

de gestion electronique ( 10), configuree pour imposer a

25 l'alternateur (3) lors du roulage du vehicule, successivement au 

moins deux tensions de consigne differentes, a savoir une tension 

basse d'altemateur (Valt_basse) qui est stricternent superieure a la 

premiere tension maximale a vide de la premiere batterie 

(VOmax_Battl), et une tension haute d'alternateur (Valt_haute) qui 

30 est strictement superieure a la fois a la tension minimale a vide de 

la seconde batterie (V0mini_Batt2), et a la tension basse 

d'alternateur (Valt_basse). 

2. Systeme selon la revendication 1, comportant en outre un

transformateur de tension (8) de type CC/CC apte a abaisser la 

35 tension delivree par la seconde batterie (7) au reseau, et dans lequel 

la seconde tension rnaxirnale a vide (V0rnax_Batt2) de la seconde 
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batterie (7) est superieure a la tension maximale de reseau 

(Vmax_reseau). 

3. Systeme selon la revendication 2, dans lequel le

transformateur de tension (8) est bidirectionnel, et est apte a 

5 alimenter la seconde batterie (7) a une tension superieure a la 

tension maximale du reseau (Vmax_reseau) quand l'alternateur (3) 

debite un courant sous la tension haute d'alternateur (Valt_haute). 

4. Systeme selon l'une des revendications precedentes, dans

lequel la premiere batterie ( 4) est unc batterie au plomb, et la 

10 seconde batterie (7) est une batterie au lithium. 

5. Systeme selon l'une des revendications precedentes, dans

lequel l'unite de gestion electronique ( 10) est configuree pour ouvrir 

un interrupteur ( 1 l) de la seconde batterie (7) quand le moteur du 

vehicule est arrete et, si la tension de la premiere batterie ( 4) passe 

15 sous un premier seuil et simultanement la tension de la seconde 

batterie est au dessus d'un second seuil, pour refermer cet 

interrupteur C 11) pendant une periode predeterminee avant 

d'effectuer le prochain demarrage du vehicule. 

6. Procede de gestion d'un vehicule automobile equipe d'une

20 premiere batterie (4) et d'une seconde batterie (7) d'alimentation en 

energie electrique, les deux batteries presentant des tensions 

maximales a vides (V0max_Battl2, V0max_Batt2) differentes et 

etant connectees a un meme alternateur (3) et a un meme reseau 

electrique a courant continu du vehicule (2), caracterise en ce que 

25 l'on impose une tension basse d'alternateur (Valt_basse) pendant des 

premieres phases de roulage du vehicule, et l'on impose une tension 

haute d'alternateur (Valt_haute) plus elevee que la tension basse 

d'alternateur pendant des secondes phases de roulage du vehicule 

telles que des phases de freinage recuperatif, moins consommatrices 

30 en carburant que les premieres phases. 

7. Procede selon la revendication 6, dans lequel on impose la

tension haute d' alternateur (V alt_ haute) quand le vehicule est en 

phase de deceleration recuperative, et on impose la tension basse 

d 'alternateur (Valt _ basse) quand le vehicule est dans une phase 

35 d'acceleration du moteur. 

8. Procede selon les revendications 6 a 7, dans lequel on

impose une tension intermediaire d'alternateur (Valt Mid), 
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strictement supeneure a la tension basse d'alternateur (Valt basse) 

et inferieure ou egale a la tension haute d'alternateur (Valt_haute), 

quand un niveau de charge de la seconde batterie (7) devient 

inferieur a une charge seuil, et/ou quand un certain mode de roulage 

5 du vehicule autre que la deceleration, est detecte, et/ou si le courant 

delivre par la seconde batterie (7) au reseau depasse 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. When 

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 
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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 
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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 also 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 1 0 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 1 0 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 1 0 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 1 O 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 1 O 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 1 O 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 1 O 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 1 O 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 1 O 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 1 O 

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 1 O 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 at least 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 1 0 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 at least 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 1 0 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 1 0 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 1 0 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 1 O 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 1 O 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 1 O 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 

that it is receiving an input charge. The battery management system 1 O 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 1 O concludes that 

conventional charger is attached to the battery 12. If the battery management 

system 1 O 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 1 O 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 1 O 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 1 0 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 1 0 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�ump-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 1 0. 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, who may 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, 08D data ports, and the like. 

The hub 20 could connect through a user's V\/iFi network to a servers of a battery 

20 

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1527 of 2235



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 Warning", "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. 

Illustratively, 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 

processor 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 

11 0 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. 

Illustratively, 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 

first user 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, 11 O 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. Illustratively, 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 1 50 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 that includes 

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 1 0 and its components, store any information and data 

obtained from the internal and external 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 1 0, 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, 11 0. 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, demographic information, 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 1 0 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 

26 

EXHIBIT 1002 
Petitioner ADC (IPR2024-00577)Page 1533 of 2235



WO 2021/242833 PCT/US2021/034211 

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 1 0 

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, 
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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 machine in 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. 

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 r ipple 

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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Abstract 
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1J =r r; L -1 ,t ::,, :t,f: ri& • & u 11ue L -5 0 m - m rtm • :t,f: 'a .n m - • ffi t& t , 1J =r r; L -1 ,t ::,, 

1,rri&Jil&Um1±1L-50m=m�•:t,f:3JJ, 1ruem-••t&�ffi ttt&��• tt1,rff--t0m

= • ffi fi t , AA ll2 ffi-• tilli ti & UM ll2 ffi =•·ti J: iJ 1t �ii J1: 0) t 1, v -1 t :t,f: � 11i/l --t 0 I 10 

ffl t' 

M�m-•mfi&UM�m=••m�m-■•IJ-F&Uffi=■ffil)-F:t,f:�h�h-

M�ffi-■ffifi&UMEm=••m�M1J��-LTMEt1,1,,-1�a•w�MEffi 

-■ tillifi&UM�m=••fi�G�/±IL, MEm-••fi�G�MEffi-■ffilJ-F��

/±11i��M�ffi=••fi�GO)AAEffi=•m1J-FO)�ili1J��-�90J:-5�. AAEffi

-• ffi fi , M !2 t 1, v -1 & 'Cf M llc ffi = ■ ffi ti � t§ :tt � � {.V: oo'. M � :t,f: '.iE 60 0 I ffl t ,

��hk••m�md10J:-5�, AAEf
fi
--ffit&. AAEt,,v-1&UAAEm=•ffi 

fi��§l90Ifflt., 

AA ll2 ffi -• ffi 1) -F & If M ll2 ffi = ■ ffi 1) -F i:J� it □ f* i,r Ji C T p:J f'i/i :tk � ■ H!1 -7 - 7- � Ji. 20 

ffl��U0J:-5�. M� ■ffi$1,i:AA�■ ti!!-7-;z_��tLTAA�■ HJ1-7-;,_�lfflDW1,i:JW� 

iv□1*c:Ml::0Ifflt. /,r'a"JJ. 

MEffi-■ ffilJ-F�, AAEffi-■ffiti��'.iE�hkfittWt. MEfittWt-f*�m 

��hk�•Wt:t,f:ffL, MEfi:tk$���1J��M901ruEffi-■ffilJ-F��$�AA 

ll2 fi tt ffl t AA ll2 11 • ffl t 0) i:l W c: � J1! rue � {I:: L T to iJ 

M !2 ffi �:}Uf!Hc tj: • � � ffi �* J'm t M !2 t 1, v -1 t 0) r� 0) ffl 1/J •t1 :t,f: {If r � # 0 tc 0'.) � m IJ

1ru Be �g 11 � fC M L L 1ru !2 .ti. • $ i,r 1ru Be t , , v - !7 0) M Be ml B W � Ji. [C: {ft oo'. � # . 7J' --:> . 

AA :112 t 1, v - !7 � iw :112 Jal a M :t,f: AA :112 m 1J rr .lb ffl m re: m. :JJ --:; --:; , AA ic � §I I ffl :t,f: � � 9 0 , 

p:J fflj � JF * • m i,N • ti!! � i'l � 1i tl ,a:- m {,±!; 9 G O 
30 

[0010] 

{1!! � ffl1rn1Hc to v ' T , * ff 8� /j: , 
1J =r r; L -1 ,t ::,, � ri& • & am 1±1 L -5 '° m - m rtm • :t,f: 'a u m - • ffi m t , 1J =r r; L -1 ,t ::,, 

,a:-f!&H&Uml±IL-50ffi=m�-,a:-3JJ. 1ruEm-••fi�ffi ttt&��- tt,a:-ff90ffi 

=■ffiffit. 1ruem-•ffiffi&UMEM=••mJ:1J1tgJ1:0)t1,L,,-7/:::,a:-ff90, . 

i:J• h tc • ffi M t , 

lru lie• ffi $ :t,f: r& '.fl'. L l v' G F9 fa! tt 0). ti!!. -7 - A t ' 

lru !2. ti!! 7" - 7. � lffl □ ffl ,a:- M t.:: T v' 0 tt □ {* t. 

M�m-••fi�-���mm�tt. MEM□f*/,rftt.::TF9fa!:tk�•HJ1-7-7,�J'I.$� 

� u T 0, 0 m -• ffi u -r· t , 40 

lru�•=••fi�-���mm�tt. MEM□f*/,rftt.::LF9f'ilitt�•HJ1-7-7,�J'I.$� 

@;UTv'0m=••u-r·t, 1,i:{imx, 

M�ffi-■ ffilJ-F�. MEM-■ffit&��'.iE�h�fittWt. MEfi:tk$t-1*�m 

d�hk.ti.•fflt,a:-ffL, MEti:tkffl���1i��M90AAEffi-fflf
fi
lJ-F��$�1ru

!2 fi �:}( fill t lru llc ft • fill t 0) i:l W c: � i!!:! M IC: :@.: {I:: L T ;ta iJ

AA ll2 fi tk l't!Hc ti , � � fi � ffl t AA ll2 t r, v -1 t 0) r� 0) ffl i/J ·Ii :t,f: {If r � # � tc .lb � � IJ
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i2 t l"\ v - :5l oy�fJ i2 Jl'il aw t.,, rir i2 m 1J 11:. &:>•.@ti: m tr; ":) --c t, • 0 , P31Wi ru �F * • �� rw • mi 1£: 

m-#1:900 

[0011] 

ffi-■ffifi�ITffiti�t�. ffi-■ffiIJ-F�ITffiIJ-F�ffl�L. ffi-ffl�S#ITffi 

m�-�ffl�L. m= ■ffiti#affiti�ffl�L, m= ■ ffilJ-F�AffilJ-F�ffl�L. 

m=m••�ft•m••�m�90o m- ■ffiti�ftffifi�t�. m- ■ffiIJ-F#ftffi 

u-F�ffl�L. m-m••�a•m••�ffl�L, m= ■ ffiti�ITffiti�ffl�L. m=

■ffilJ-F#ITffilJ-F�ffl�L. m=m•s�rram•B�ffl�90.

[ J£ SA � m :�IU

[ 0 0 1 2 ] 10 

*JBOO��tL�. m-■ffilJ-F©�$�fi�Wtn•wtO)�ffT��-���LT

i., • 0 " m - • • u -F � ti � w t,= t.L � � ti � w t t 1, v - :5l t � rEI! 0) m 1t1 ·ti 1£: {re r � -Ii' 

0 tc 36 0) it IJ .L!.: 36 ffl ii!r iJ, ID m � tL t t,, 0 a �lii 7:J" [A] li: M Vt n • $ � t 1, v - :5l 0) ml S $ 0) 

��m ■�-li'. ��. t1�v-:$l��&W1£:ffllJ.L!.:Ji>W.&�ffl�JJ, ft@IN.1£'.��9 

0 0 i:. 0) � '? fi: 9 tl ff ' t J '\ V - 9 © m s $ iJ', ffi - • ffi 1) -F iJ• G • Ill tr; WI' _ffl 7£'. '.'€ tr tc IJ

, ffi-■ffilJ-FO)�ffi�ffl-:>klJ90i:.t��tl:.T�00 �O)tc:36. ■ffiW�i:@*tr;� 

���b0i:.tt�tl:.T�0a *JBOO��tL�. ft�ftL&a■ ffifiO)ffltL��.L!.:T�0 

o * tc , * J£ SA ti: � tL t;f: , � W 0) ffi lfJ tr; 2 ti: � 0 ft � f tL iJ� :Ct L:.: J!H • ■ ffi W 7£'. 1'f 9 0 P3 faJ

rui 1F 7k ■ WU,& ■ ifu � tllH� 9 0 c t iJ� T � 0 o 

[ si ffi 0) f'ii'f .iji tr; m SA ] 

[0013] 

[sil]*J£000)��IDa��0P3fai@#7J< ■�-■ mi©i11Tffisl 

[�2J �1��9-�©■ffiW�ft•am� 

[�3AJ ■ffiIJ-FO)•mH$��0090tc360)7□-si camJ 

[si3B] ■ffi!J-F�-.&7J"$7£'.�0090k360)7□-sl (�ffi) 

[sl3C]itlJ.L!.:36fflii!rtLt�8�IDnx:�tLtc■ffilJ-F©�ffisl 

(sl3D]ffllJ11:.36ffl.&tL'"CD-vo/��IDm�tLtc ■ffilJ-FO)�ffisl 

(�4A]ITffi�O)IJ-F&Miffl��0090k36©am� 

(sl4B]ftffi��IJ-F&MIN���9Gk36©amsi 

[ � 4 c ] 1J - r & ft I m � IDl sA 9 0 tc Ji> 0) • IT ffi 1J - r m ill 0) m; * *4 *Yl � 

[si 4 D] 1J-Fif:Zftiffl1£:lmSA90fc.JbO), ftffi 1)- FmJJ.l!O):.fJt--_j(fJl.tYlsi 

(�5A]ffi.Iffl�IDG0090fc.:16©�ffl� 

(sl5B]ffi.IN�Jm0090k.:16©, ITffilJ-FJl'ilil
l
©:f!t;--_j(�ff

l
sl 

[�5C]ffi.Im��0090fc.:16©, ftffiIJ-F�il
l
©:f!t;--_j(�ff

l
sl 

(sl6]�@Iffl1£:m�90fc.�0)7□-sl 

[�7]��Im��0090fc.��70-� 

(si8]MDIN1£:m�90fc.360)7□-sl 

[ � 9 ] itUI{; © P3 fl1i'i@ �F 7J< ■ • ruz ■ ifu � 111T oo � 

[J£SA���9 0 tc&'JO))B!L�] 

[0014] 

�r. slffi��fflLJJ*J£000)��IDa��0090a 

(0015] 

� 1 ti: � -t � 0 r,= . * � � ID 1� 0) P3 fflf ru 11c * • �� ;'ii • Htt s o c 1-� r . J:l! r,= r- • Htt s o J 

t t ll2 ti 9 0 ) ti . P3 ffli � � ■ mi '7 -7.. 6 0 . ■ ti:!1 '7 -7.. 6 0 ti: � � � tL tc ■ ffi W 2 0 , 

.& cf ■ it!! ,:r -7.. 6 0 © lffl □ $ fi: li!ll '.@ � :h tc !t Q {,$: 7 0 � ii ;:t T t,' 0 a ■ it!! 8 0 ti . !111: ru SkJ 

tc ti , 1J :f- 7 b. --f ;t :;.,; = :x ■ mi "c' iv 0 o 

(0016] 

sl 2 tc � 9 � -5 tc , ffi ffi W 2 0 ti , IT ffi ti 2 1 . ft ffi ti 2 2 & tJ 2 J 0) t 1, v - 1J 2 7 

T ffl nlG � tL '"C t,' 0 a IT ffi fi 2 l ti . IT ffi :f; ■ {;t: 2 3 & cf IT f<,_i m !fo/1 � Ji 2 4 T ffl nlG � tL '"C t, ' 

20 

30 

40 

,"/;-, o ft ffi ti 2 2 ti . ft ffi � ■ f* 2 5 & tJ ft ffi ffl !fo/1 Ji iii 2 6 "c' W nx � tL t t, • 0 o t 1, v - 1J 50 
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2 7 Ci , -f tL -r' tL , iE ,ffi t& 2 l t � ,ffi t& 2 2 t 0) Fdl tz: We 1B � tL T v' 0 o .iE ffi t& 2 1 tz: ti , 

ffl 1J !& IJ lf:l L, m 0) iE ffi 1) - F 2 1 0 iJ' ffl m ir-., [Z: ;jJHri: � tL l l.,) G O j'J_ ffi t& 2 2 [Z: ti ' = 1J tl3{ 

IJ lf:l L, m 0) � ffi ') -F 7 I O ;IJ'I ffl m S9 [Z: :itH.ri: � tL l l., \ 0 0 ffl ffi ti¥ 2 0 ti- r/11.J ti( [Z: � 7J' tl l 

:t5 IJ ' � tt: t L, l p:j f\1ij 0) JB � fl L, l l., \ G O ffl ffi ti¥ 2 0 0) � @Um CZ: 00 L, l ' iE ffi 1) - r' 2 1 

0 Ci , � ffi 1) - F 7 1 0 t [P] :iJ, v, i'r -:::i --C v, 0 o 

[0017] 

� 1 CZ: ff; "t J:: -5 tz: , it D f;$: 7 0 tz: li , it 31 tL 7 0 a & ti 7 0 b :iJ' lB JR � tL -C v' 0 o iE ffi 

') -F 2 I o ti , Ji 31 tL 7 o a 0) $ 't:' tt D f* 7 o l:: {;'if!: tif � tL 0 J:: -5 l:: tt D {* 7 o 0) Ji 3i t L 

7 0 a tz: .f1¥ L, � * tL -C v' 0 a Im � tz: , � ffi 1) -F 7 I O li , Ji im fL 7 0 b 0) $ 't:' it □ f* 7

0 l:: {� M � tL 0 J:: -5 tz: tt D f* 7 0 0) 1'i n!HL 7 0 b l:: :Jt1i L, � * tL --C v, 0 o '::) * IJ , iE ffi 1J - 10 

F 2 1 0 & 'Cf � ffi lJ -F 7 1 0 Ci , -f tL -f' tL , it Jffi fL 7 0 a & ti 7 0 b � Jffi -::> -C ffl rt!! 7 -

A 6 0 0) 71- w * "(:' J!f 'Cf l l., \ Q O * � mini � "(:' ti ' ffl IB! 7 -A 6 0 0) /alJ � :1:f [P] r:: 00 L, l ' iE 

ffi 1) - F 2 1 0 0) � � iJ' , � ffi 1) - F 7 1 0 (J) � � [Z: - � L, l V \ G a 

[0018] 

ffl tt!! 7 - 7. 6 0 OJ ffl.U mn:: Ci , ffl till 7 - 7-. 6 0 OJ n'1i � 1:f [P] CZ: M L, -C !t □ {* 7 0 OJ _t ffi 7 0 

p t M □ {* 7 o 0) ""f ffif 7 o q t 0) Fdl tz: :t5 v, T , ffl ffi ti¥ 2 o 0) $ ,C, '111 tz: [P] :iJ, -5 :1:f [P] tz: � lf:l L, 

--C v' 0 iJ' L, &9 W 6 O a iJ' iUt G tL --C v • 0 a iJ• L, &9 W 6 O a ti , P3 � 0) JB ti( � fl "t 0 J:: -5 tc 

ffl rt!! 7 -7-. 6 0 0) m 1:f rirl tc rB -:::J l JB JR � tL l \, \ G O C. 0) m nit tz: J:: tL t.L it □ f* 7 0 [Z: :tt L, 

l ' m 7J rirl [;:: � - tJ: EU«/ m !I! � fit � ""C % G O ffl IB! 7 - 7-. 6 0 0) 00 □ $ tc li ' u * ti\ [;:: itHf

G tl tr. iJ, L 1h W 6 0 b iJ"i W'. Ct G tL --C v' o o iJ, L 1h W 6 0 b ti , it □ f* 7 0 0) _t ffi tc � L T 20 

:t5 IJ , 2:. tL tc J:: IJ , ffl 1-fl! 7 - 7-. 6 0 0) $ tc :.j:Ejl L, � ti' 7J [P] 0) fiii !l! � tt □ f* 7 0 lc ft 1§: L, --C v '

00 

[0019] 

tJ::!o, ffli1!!'7--7-.6 00)�$0)�rdl, "ttJ:b!,, ffln!!'7--7-.6 00)�$tfflffitl¥2 o t 

0) FEil tc � � V - r tJ: t' 0) {-fl! 0) W M :iJ, � Ct G tL --C v' --C t J:: v' " Im � l:: , tt D {* 7 0 0) ""f oo 7

0 q t • ffi ti¥ 2 0 t (J) rd! [C � 3 1/ - r tJ: E 0) {jg 0) $ M :i)'I � Ct G n l t, \ l t J;. t, \ 0 

[0020] 

:X tc , � I fc ff; "t ffl rili 8 0 0) l!'l � h rt � � aJ:1 "t 0 a 

[0021] 

[l:lflM1'fFm Iffil] 

*T, fflit!!SO�fflnlt"t0�WM�*�"t0a

[0022] 

( • ffi l) -F )

* � h1!i JB !l� 1: ti , � 3 A tc: � 9 J:: -5 f;:: , 7 - 7 I:: - 7-. I O � ,/JO I 9 0 C t [C J;. IJ iE ffi 1) 

-F2 1 O�{'F!lW"to o 7-fJl::-7-.1 at.LT, rei;;(¥(J)fflj;jl)-F�{f:ffll:'%0 0 7-

7 I:: - 7-. I O Ci , f& :iR W 1 1 t , fL W W 1 2 t , 71c *ffi! $ I 3 t , !Ji g $ 1 4 t � fl 9 0 o 

[0023]

t& ti( 00 1 1 t;J:: ' * ti( 0) JB :IR � fl "t 0 0 � 3 A [C :to t,) l ' t& ti( w 1 I 0) � -¥ )J rirJ t;t ' X )J 

ri'iJ tz: 1¥- fi 1: S 0 a A W $ I 2 Ci , p:j f± 0) iB ti( � fl "t 0 o .tL W $ 1 2 fi , t& ti( $ 1 1 lZ: - f* 

30 

tc % nit � tl --C v' o a :$t Y#tr W 1 3 ti , � ti( 0) lB iJ\ � fl 9 0 o :$t all,! $ I 3 ti , t& iJ\ $ I 1 0) &. 40 

tt ffl.U -C A W $ 1 2 cc m � � tL --C v' 0 a 

[0024] 

� 3 B tc ff; "t J:: -5 tc , � g $ 1 4 li , ti ti\ $ 1 I (J) 1$.-� h [P] ( � 3 B tc: ff; "t y h [P] ) tc: 

lffl"t0'7-:?l::-7-.100)-tj°ft�, t&:li\$11 t.tLWWl 2to:imWllif�ffi.!11H:::tov,--c@: 

mi: c:: �ft� -l± 0 J:: -5 cc� it G .tL --C v' 0 o 

[0025] 

* 9 , 9 - 7 I::'.'. - 7-. 1 0 OJ � i@ ms 1 4 � �% � "t 0 o � g $ I 4 � �j � "t 0 J:f rtd i  �lUi:: �

tl tJ: v • o WU :z il , "'7 7. 1) 1: � g $ 1 4 � i'fiJ l:J If;{ tl ti J:: v' o � g $ I 4 � iij; � L tc. fi , t& iJ\ 

ms 1 1 0) J';i � 7J rirJ tc 00 9 0 7 - 7 I:: - 7-. I I O {!) ,t rt ti , t& :tR $ 1 I t 11 :.t$ $ 1 2 t 0) m 

W T :;;i:;; @: � ic � {t L --C v' 0 o '::) * 9 , t& ti( W 1 1 0) 1$.-� d 1 & 'U A W $ 1 2 0) !ii if d 2 ti , 50 
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.:t- tl ::f tt, - ;E c" ;t., IJ , 1L WW 1 2 cT> il1r ti d 2 tl:, ti �;I,; W JJ ¥ � d I J:: IJ 16 * 'e' v' o 1L WW 

1 2 Ci , fJ!J .:z f;L t& � $ l l 0) ¥ � 0) 2 ~ l O f� 0) &i fl ts; 1'f L, "C v' 0 o ti � $ l 1 0) /¥ � 

d 1 fi , fJ!J .:z tt , 0 . 2 ~ 0 . 5 m m c' ® G o A � &� 1 2 0) @ 1I d 2 fi . fjlj .:z ti' . 0 . 4 ~ 

5 m m -C ;t., 0 o 9 - 7 l::'.' - .::Z. l l O o:H& � $ l I & 'Cf A .W $ 1 2 JJ .g. ffl � ti , iE ffi 1J - F 

2 l O tc&:��:hG o 

[0026] 

��. ti�$1 l�-1 lats:JBmT0a •1 la�, ti�$11JJm15foJ (�3A� 

� T z 7J raJ ) tc:. J!1; 'Cf "C v' G o �i 15 raJ t fi , ti � $ I I 0) � -¥ 15 raJ & 'Cf W � 15 raJ tc:. &i � T 0 

15foJ-C00a i'fil.l la�, ti�$1 lJJ�-¥15foJJJffli/J ttts:ti��%G, TfJ:b�, •• 

1% � ts; i'i1i 1h G J:: -5 tc:. f'F ffl T G ii!t IJ le Jo ffl m ts; ffl m '"t 0 o * � Jn!i ID l� -C ti , 1't 1 1 a ts; , ,Ji l 0

tR im l l fC t5 f:t G ' ti�*$ l 1 t A 1' $ 1 2 t 0) :If[ w fC � m L, t:::. ffl 11' fC ID m 9 G O * t:::.' 

.2f;; � tiili JB l� c' fi • 1't 1 1 a ts; , ti � ffi3 1 l JJ * ffi & If o& ffi fC JB /£ '"t 0 o i:. 0) J:: -5 fC L "C , 

iE ffi I) - F 2 l O ts; 1'F !M 9 0 o 

[0027] 

tJ: :t5 , .2f;; � Jn!i JB l� -C ti , 11 � JJ i'fi1. l l a ts: JB @t L, "C v' G o L, fJ> L , • I I a ti , I --:J OJ 

i'fi1. c' ® "'.) '"C 1t J:: v ' o * tc , i'fi1. l l a 0) Jel_ {t S'j tJ: >t 7tdi �E! 1£ � tt tJ: v' o fJIJ .:z tt , i'fi1. l 1 a OJ 

im � ti O . 0 5 ~ 0 . 1 m m t 9 tt ft J:: v' o £ tc , i'fi1. I 1 a fi , �!ii 1I fo1 :@ {:$: fC JB /£ 9 0 i:. 

t fJ'- �f £ l., \,,' o -::J * IJ , i'fi1. l l a OJ - i'i/M fJ't& � $ l l OJ -15 0) ffllj ffi fC {ft 1i: L , i'fi1. 1 1 a OJ 

{1!! i'!/i\l fJ'- ti �,IUITT l l OJ {1!! 15 0) iJIU ffi tc:. {ll � L "C v' "C 16 J:: v' o C 0) J:: -5 fc:_ T tl tt , ,Ji � $ 1 1 0) 

iJIU ffi tc:. J:: "'.) -C 1t --!! 1" v - 7 2 7 1.r tiff G x 0 i:. t 'IJ'. -C 'e' 0 o 20 

[0028] 

* t:::. , 1ji - 0) I ffl c' , � g $ l 4 0) � � t , i'fi1. l l a 0) JB /£ t ts; � Jn!i l, -C 1t J:: v' o fJIJ X

tt , � g $ I 4 fc:_ -Y ;z 1) ts; t& f!!i! � % , -Y 7-. 1) ts; �g 15 raJ tc:. ii] iJ' T c t fc:_ J:: 1J , � g $ 1 4 0) 

� � t , i'fi1. l l a OJ JB /£ 0) .7Z 1I ts: � Jn!i c' 'e' G o c OJ J:: '? fC 9 tl tt , 1ji - OJ I ffl c' 9 - 7 l::'.' 

- .::Z. 1 0 tJ, G iE ffi 1J - F 2 1 0 fJ'- 1� G tL 0 o L tc fJ'- "'.) -C , 1J□ I ::.r .::Z. r ts; .JrlJ lliiJ l: � 0 a 

[0029]

* tc , 9 - 7 l::'.' - 7-. 1 0 t L "C ti , m lllx 0) � ffi 1) - F ts; ffl v' tl ti J:: v' o 1 tc , * � Jn!i JB

i� c' ti , 9 - 7 l::'.' - .::Z. l O ts: 1J□ I L, "C iE ffi 1J - F 2 1 0 ts; ft � l, "C \,,' G fJ'- , * 3B aj:j fa: i:. tl 

re �E! Jl: � n tJ: \,,, 0 wo x ii , Jm :tf tt t.J, G @ m IE m 1J - r 2 1 o ts; ft � L -r t J:: \,,, 0 Jel_ ft S'j ic 

ti , * "f , 1L 1' !:ITT l 2 OJ @ 11 t ll3J G @ 11 ts: 1'f T -�d� tt ts; � 1Fm T G o � tc:. , m,ljl tt 1.r � i;IJ tJ: � 30 

����T00 ��. ti�$1 l�JB!tl�ttGJ::-5�. i;IJ��ttk.:tf:!r'1'v7-.�IT0 

o � fc:_ , / v 7-. 1J□ I fC J:: --:J "C -C � tc � g $ 1 4 J.r lift l'fiJ , lift R\!i tJ: [' 0) 1J□ I 1I $ l: � � 9 0 a 
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SECONDARY BATTERY, BATTERY PACK 

Abstract 

<P>PROBLEM TO BE SOLVED: To provide a secondary battery capable of suppressing unevenness of heat generation of a

current collector in an in-plane direction. <P>SOLUT!ON: A cathode current collector 11 is formed of cathode conductive layers

111 {conductive material) on both surfaces of a reinforcing layer 140. The cathode conductive layer 111 is formed to become

thicker in thickness from a first end part 112 side toward a second end part 113 side opposite to the first end part i 12. Then, a

cathode terminal lead 20 connecting electrically a cathode current collector tab 18 is connected with the second end part 113

side. <P>COPYRIGHT: (C}2011,JPO&JNPff
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��ffl�tL�oa � ■ €fflt,•GGit��- 00�� . ..t27��.=.9l,.O)��- -�A�Y 
v A ffl iJ: l'.' t,t ffl l' 0 c t fJ, c' � o o tJ: 1J' c' 11:, ffl -1'- fi 9 'Ii , ffl W!: ff 1/J ffl {ft t l' � ill ,'FA fJ, G ti 
7 Jj,, � .:::. 9 j_,, fJ' 9T * L, I,\ a 

[0035] 

- 1J , 1JI ffl 'ri W ij� 0) !JE it ti , W ij� � {.t: fJ'i 1JI C 'ii € ff;; ""t 1JI C 'ti r'ai 5:J'- f" t �F 1JI C 'ti 0) q:i (C 1JI
-=: ·ri 7 ,( 5 -� � it G tc. t; 0) 0) "'' "f n 1: JS 7 -r 11:, J:: "" o J: 1J Jt ft �9 r,: t± T ae 0) t to 1J 1: JS 
Go 

[0036] 

C�9f"tt��5C tt�½'f"c'JS6JBG) 
* "9 ' j'ii'f J:ji fi: w ij� ;(r m AX 9 G r'ai ½' f" ti � '/J"i •• 'Ii r'ai ½' f" c' JS Q ff; a � � �J] 9 Q O C 0) tg 50 
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�. IEffi9C tt•11 l�f:t�98 tt�ftrtiM�G/j:0-ct�;lj:00 

[0037] 

•• tt�ftrti9C tti.tfiL. Cffi8�Gf:ttLTfflv•Gtl0,{TY�OOLT€9 tti.t 

ff � tJ; \/' M ;fSI. 7J' G m -IR � n 0 0 L n G 0) •• ·11 ;e; 5:J'- -'f- ta: ' -tH� L t.: * 1) .:r: ✓ * i:J'i .:r: * Jv .:r:

- ffi 1.t ff; nx. L {i • t't 1.t � 9 t � x. G n T v' {S o f� � i¥J ¾ #lJ t L T !a: C �f ::I Y -r' Y 'if tJ; �, '1"

� J=!Ht i:J'i :n§ A., 1: \/' 0 ;f,'. 1) I ✓ * •• 'l''t ;e; ft -'f- 1.t ffl \/' 0 L t i:J'i '1" � 0 0 � f.:;j;.: 81 [;: ta: ' * 1) 7'

::.. 1J Y, ,r- 1J 1:::: o - ;J.;, ,r- 1J 7'-T 7 x. Y, ;f- 1J 7 1:: 7'- v Y, * 1J 1, 5 7 x. =- v Y, * 1J 7

x. =- 1.,, ✓ 1:: =- 1..,- ✓ , ;f- 1J 7 -'7 1J o =- r 1J 1v • * 1J T :t- +t 1/ 7 'J' - 1v , * t.: ta: ;: n G 0) rm �

!lw tJ; C i:J'i w * L V' 0 • r {i • •[i 45 J: u • ri:!! IAJ T 'tOE 1:. ff ffl c' � Q t V' '? ill. g i:J, G ' * 1) 7

:::.. 1J y , ;f,'. 1) 1:: tI - ;J.; , ;f,'. 1J 7'-T 7 r.. Y , ;f,'. 1) 7 -t -f- v Y , 7J' J:: 1J W * L v' o 

[0038] 

C 1F 9 m ·ti -mt nl'1 45 � 'Cf 9 m M C 9 m ·11 7 -1' 5 - ) 1.t 13 ,ts % l� ) 

":.JR. tc ' JF •• 'ii w ij!'1 tc •• 'ii 7 -{ 5 - 1.t 13 ,ts ITT l� [:. ---:J V' l � aA 9 0 0 L 0) :l,lJ, ,g- ' IE ffi • 

• ·ti Ji I I I � f* 7J�, JF 9 • ·11 W mn:. t� � t:. 9 C ti: 7 -1' 5 - 1.t re i!i- L T, � f.:;j;.: t LT 9 C

'ti a ij!'1 t tJ; "".) tc. b 0) i:J'i ffl V \ G n Q O 

[0039] 

•• tt7-1'5-a, •• ttf.tfi90istfl�GmWcn00 W£L<a, 9C ttf.tfi90 

-�-IAJO),{TYa�1.:r��90fflg�G. Cffi8�Gf:ttLTfflv•Gtl0,{TY�OOL

-C fi ¥!\l •ti 1.t fi � ¾ v' M ;fSI. 1.t ffl v' 0 0) i:J, t;/1 £ L v' o 

[0040] 

•• ·Ii 7 -{ 5 - 0) � it wu t L T ta: , 7 ,r, 2. =- r'J L. tr , 7. c:;- Y v 7. c s u s ) tr , 1f 5 7

r ,{ r J?> iJ - ,J; Y 7' 5 ·'J 7 tj: c (J) h - ,J; Y tr , fill! ti , ,& ti , ffl tr , 7'- � Y ti ;lj: t' i:J, * �:f G 

n 0 7J� ' L n G tc �& IE � n 0 b t1 c' la: tJ; V' 0 L n G {}) •• 'Ii 7 -{ 7 - [;t l ffl Jji l9t c' ffl V' G 

n T t J:: v' L , 2 ti .L� J: f# ffl L T t J:: v' o * tc , C n G 0) i!i- ,& M i:J, ffl v' G tl T t J:: v' o /ff 

£ L < i:t ffl ti , ,& ti , 7 Jv 2. :::.. r'J b. M , 7. r Y v 7. tr , iJ - # Y M , � G tc W * L, < ta: -JJ 

- ,); ::.,, ti 1: .:J.s {;) o * t.: ;:. n G {}) • • tt 7 -{ 5 - ti , *.tl. r * 1:: 5 2. •:1 -'7 u fl � «u� tt fl 0) m.i

IJ tc • • ·11 ti ;fSI. c J: llc 9 • ·11 7 -{ 5 - ) 1.:r H-J ") � '!ff --cs ::i - -r -{ Y ,'/ G t.: t 0) --cs t J:: P o 

[0041]

* t.: , 9 m 'Ii 7 -1' 5 - {}) ITT :tR C ITT 10 [j: , *.tl. r ITT l� c' ffl v' tHf J:: v' 1J' , *.ll r Jt l� ,:. �Jr_ G

10 

20 

n 9' , iJ - ,J; Y -t / -f- .::i. - 7' tJ: c , v' b rgi 0 7 -1' 5 - * • m 'ri W g� tJl. JR 'to/J t L T � ffl ft � 30 

tl T v' 0 ti. r ITT !H� 7f. (J) !t !� c' JS --:J T t J:: v' o 

[0042] 

9 C 'ti 7 -1' 5 - 0) ljl t� J.tl. r 1.£ ti , !f�p:. �N IE c n 0 't 0) '1" ti ;lj: v' 'IJ'i , IE ffi 9 C 'ti • 1 1 l 

tc lB mt 1" 0 � 0) P1. � 1.t � !ti: 1" n li' , 0 . 0 1 ~ 1 0 µ m � ti T .:l.S 0 i::. t i:J, � £ L, v' o ---:J £ 

IJIEffi9m•tiJil 110)P1.�i.:tii*{ll 0µmtt"-o:1,!J,i!;-, ctlJ::IJ*�fJ:9ffl'[i7 -{5 

- 1.t ffl v' 0 t , 9 ffl 'i''t 7 -{ 5 - i} IE ffi 9 ffl •11 Ji 1 1 1 0) P1. � 1.t � 5t T L £ -3 i: t [;: tJ; IJ ,

mi m S"9 ;lj: JJ � li' G "":J � i:J"', � � -t 0 W- lz;I t:. tj: ") T W £ L < ;lj: v' 0) c' .:!.S 0 o t i.:, � A, iE ffi 9 C

'Ii Ji 1 1 1 0) W � 1.t P1. < T n l;f , 9 ffl ti 7 -1' 5 - 1.t 1 0 µ m J;J, _t tc L -C t � V.z 5t tJ; v' a 

[0043] 

£ t.: , a Hl'1 Ji i:J� 9 ffl tt 7 -{ 5 - 1.t 13 ts % l� {}) tJ;t � , W Hl'1 Ji 1.t JB JR T 0 W g� 1;t , • C ·Ii 7 40 

-1' 5 - �:. f.Jo x. -C , • C 'ri 7 -1' 5 - 1.t *a w � -it 0 .ijJ C 'ti 0) tj: v' � '½'- r tt M 1.t 13 A, c' v' t t J:: 

v' o W Hl'1 Ji 0) ffl JR tt flt LT i'3i ft-'f-tt fl 1.t ffl v' 0 r. t c', 9 C ·Ii 7 -1' 5 - 0) ;r,s w 'Ii 1.t i'3i H-J

. �ffi�=":.!R.m�(J)�M tti.t�H-J0r.t�c'�0a �ftrtt�a, m��tl0IEffiCffi� 

J::Uftffimm�mx.�0ttfl�Gmm�n0. 

[0044] 

1F • • ·ti 0) .w gij c' ® 0 rWi ft r ti � 0) w,J t L T ti , w * L < ri , * 1J .:r: -f- v ::.,, c P E ) , 

;f,'. 1) / tI 1:: J.,, y ( p p ) ' ;f,'. !J ::r. 'r ]..,, ✓ T V 7 !-; V - r ( p E T ) . ;f,'. 1) .:r: - 7" lv =- r 1) 

1v c P E N ) , ,); 1J ,{ 2. r c P 1 ) , ,); 1J 7 2. r c P A ) , # 1J -r r 5 7 1v T o .:r: -f- v ::.,, 

( p T F E ) ' A 'r V y 7' 5 1/ ::r. y :J b. ( s B R ) ' ;f,'. 1) 7' 7 1) p =- r 1) Jv ( p A N ) ' 

* 1) I- =J- Jv 7 7 ') 1..,- - r ( p M A ) ' ,); l) I- -f- Jv I- 7 7 1) 1..,- - r ( p M M A ) ' * 1) ffi. {t 50 
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1::'.': .::. JI,, ( P V C ) , ,f,' 1) 7 •;; {I:: 1::'.': .::. 1) 7' /' ( P V d F ) , I # :j::- V Wm� , * tc. ti i:'.. .tL G (J) 

7.l it ¥lJ iJU�Hf' G tL Q O L tL G 0) tt fl fi • fl[ � ;/Jq.p m' f;:_ Jt < .iE iii • {:([ ' j'J_ iii • {_j'[ (]) I,) 9 .tL f;:_ 

;l';t L t t � Ji: t ;ts 0 o * ts: ff � t ;ts 0 tc. }}) , = � ffl n!! (J) 1e1i 1±1 1J ¥£; 1l 11:: iJn'rJ tm t t::r.. 0 o 

[0045] 

1F tf ffl 'Ii W ij� tc tt 9 {5 tf ffl 'Ii 7 -1 5 - 0) lt ¥ ti , % f;:_ �N '.iE � tL "f , --t ½' t::r.. t¥ ffl 'Ii iJ, lit 151! 

� n --r ", n ti J:: ", o tc: t � t;L F□i s r tt fl un, • tt (]) w nl"f t .:r- (]) 11:t!. (]) w ti□ till tJ: l!.' � 1'li ts 

) .:/i5 J::. � tf ffl 'Ii 7 -1 5 -0) it ;tt f;:. tt L --r , 5 ~ 9 o w t % , tif * L < fi 5 ~ 4 o w t % (J) 

• ffl 'Ii 7 -,' 5 -� H,J � f;:_ j!lj� i'i' '9 0 a 5 ~ 9 0 w t % � N'. c' ilS tL ti. ffl 'i'i � 1i'i_ {* '9 0 i: C: 1}

c' � {5 "

[0046]

* tc: , ffl ij� Jv1; 51 pg f;:. M g 1i'1 � J... tL ts: t,IJJ -it f;:. fi , tif * L < fi 5 ~ 4 0 w t % :ffil !l t 9 0 i:.

tc'Mg lt�leli�0i:.t�-V�. %a(%�) ��TI:'.900 
[0047] 

*a g RIJ t L l ffl \, ) G tL Q *a g r'elJ ½' T t.t % tc �H IE � tL Q t (J) c' t.t tJ: l,
) 1J' • tc. t � ti r ic (])

J:: '? ;IJ: r% 71" -=f- tt fl iJ, � m � tL '? Q O .:r. * .ct- 1/ m- m� ; A 7 V ✓ - :r. T V ✓ - ·f T V ✓ - A 7 
V ✓ "1' 0 '1/ 7 :ti.; m i'i' fil;: ( s E B s ) ; 7 7 1) 0 -=- }- 1) JI,, - / '.>1 1/ I ✓ - A 7 V ✓ � m 'Ei' {i;: 

( A B S ) ; 7<. 1- v Y 7" !J -:Y .:r. Y :J L. ( S B R ) iJ: c:' (]) i'r fix. :.J L tt fl (]) !I 1.J' , ,f,' 1) .:r. 1- v

✓(PE) . ,f,' 1)7 □!::'vY (PP) �O),f,' 1):;tv7-,' Y:# 1)I'rvYf-v7:$/v-}-

( P E T ) • ,f,' 1) :r. 'f- v Y -J-7 !J v - }- ( P E N ) � (J) # 1J .:r. 7... 7'" JI,, ; V 1J ::r - ::,; , ,f,' 1) 

10 

,{ � F ( p I ) ; * 1) 7 � F ( p A ) ; * l) 7 '1/ {I:: 1::'.': -=- 1) 7' ✓ ( p V d F ) ; * l) T }- 7 20 

7 ;I,, ,i- 0 I T V ✓ ( p T F E ) ; ;:J; 1) 7 7 1) 0 -=- }- 1) JI,, ( p A N ) ; * 1) ;l. T JI,, 7 7 1) V 

-r C P M A ) ; ,f,' 1) /. 'f- JI,, /. !J 7 1) v -r ( P M M A ) ; # 1) t&\ fr. l::' =. JI,, ( P v c ) t::r..

I:: fl ¥ �f G tL 0 a ;: tL G 0) i9i 51 -=f- tt fl tl , 1 ffl lii J!ll c' ffl l.i' T: t J:: li' L , 2 ffl {# ffl L T: t J::

[0048] 

;IJ: .:/i5 ' •• 'Ii 7 -,' 7 - .:/i5 J::. tF Jp •• tt 0) w ij§ 0) {t!L {l!! 0) � b□ �lj � -a A, l: I,) L t J:: I,) 0 

[0049] 

i:.tLGWC ltWE�J::0.iEffiWC lt&l 1 ltl (r%½'rttfl�-• 1tr%½'rc'i!S0%■

t 1P� m 'Ii �.U� tc. ■ ·Ii 7 -i' 5 -� if tr%!� 0) E !i G t ) 1JOlf 0 W (]) ¥ HHc J:: tJ � � c' � 
Q O tc. t X. ff ' •• 'I''!: r% 51 T tt fl * tc. ti •• ·11 7 -,' 5 -,a:' -a ts Jp •• 'ti r% 5:J' T 0) A 7 l) - 30 

;t,t liffl! � L , ;: tL ;t,t � :m L @! {I:: � � 0 ¥ tt iJ'. ¥; if G tL 0 o J'! {i;; 139 f;:_ fi tc. t x. ti , 7... 7" v - rt 

� ::r - 7'" -i' Y tilt f;:_ J: IJ wlil ff L tc. 7<. 5 1) - ,a:- , � IJ §I tlt ,a:- 2£ x. tc. IJ , lffi D fl (]) !i't tJ: 0 / :1: 

;t,, � fre ffi 9 0 7J: /:: L T , � G iJ, tc ;ts 0 v' fi t-4' II"� 139 tz: J'1 � � 2£ x. T � :m 9 0 o * tc. 1' Y 7 :J 

1o/r���J::��•1"0cttm�-ri!S0. 
[0050] 

� tc , fill s!l g 1 1 o ti , ffl v, Q tt fl(]) tU1Uf.J sm N'. f;:_ JZ r..:; -c £,•ii ,J\ �H (]) I.J ]J. U _t t 9 Q 

o L�L, f'19�ttffl8H*l70)fil;:M��-�_t�*�<t::r..0tc.�, Mx.�Wffi�ffl
v \ 0 t,IJJ i'i' Ci tm i:/m !ii 1 1 0 0) JI1-� t L, T: 1 0 ~ 3 0 µ m tc T: filf: fix. 9 G i: t 1J' t1f :} L, lt' a 

[0051] 

;: {f) im st !ii 1 1 o 0) !I1- ]J. ti , IE ffi • � ti !ii 1 1 1 0) !'1 � (]) 1g re t ti � 1g re ic tJ: 0 J:. -3 m 40 

}vi; 9 0 . i:. tL fc:: J: � .iE ffi � ■ fil;: 1 1 t L T: 0) J!f. 'J-} ,a:--Ji: fc:: 151! -:) i:. t iJ'i l: � , V- l.i' t ti lj! ■ 

�&16tLT(])JI1-]J.�-Ji:�@�tLT:, Hm••17�fflM00��¥•��l6�� 

��--�tL0i:.c:,a:-§J.90i:.t�l:�0. 
[0052] 

till Si & 1 1 0 ,a:- ffl fix '9 0 tt fl t L T: fi , fJ!J x. tf , W ij§ 0) ,i TJ' re , iz 5 � '1/ 7 , -lz 5 � '1/ 

7tffiffiO)mi'i'fil;:1J:l!.'(])�8 1tttfl�¥�GtLGo t::r..�TtM•!ii(J)ffa�tv•3 ■�� 

G ti , till i_l!l g 0) ffl PX tt fl ti w ij� l: ® '@ C t iJ'i -fff * L, V) 0 C 0) w ij� t , % re il;IJ �H ti tJ: I,) iJ'i , 

tc.tx.L:J:', ;J{ 1J1'2F CP 1) , ;r, 1Jx.'f-vYf-v7:>1v-r (PET) , ;f, 1JY:1 1Jo 

::.. }- IJ ;I,, ( p A N ) ' ;f, 1) 7 0 l::'.'. V ✓ ( p p ) ' ;:J; 1) :r. T V ✓ ( p E ) ;IJ: c' iJ'i m l,) G .tL '? 

G O ;IJ: 7J' l: t ' it � 'I''!: t \,) 3 ffl � TJ' G ta: ' * 1) 1' 2 F * tc. ti # 1) I T I,., ✓ T I,., 7 9 I,., - }- 50 
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7J' �t * L, < , ,j{ 1) 4 2_ F 7J' !fsf fZ: tit * L, t,' o tJ: .t3 , )t{ 1) 4 2_ F (J) � {* � tJ: � ;f/]i C: L, L Ci , 7J 

7, 1-- >-' ( � � lffi' t,) fJ' � ff G :h Q a 

[0053] 

tJ: :t5 . ::$: � M!i JB l� (J) -= :Jx. M Hh cc. {i ffl "2" :h 0 iE ffi ffl to/1 � . � ffi ffl to/1 � :ts J:. "Cf M M � tc. .-_:i t,, 

---c c:i:_ Jffi 1lt 1J 1- '7 b -1 :t :,, -= 1x. • 111nc. � m "2" :h 0 t&J 'i!i 1,r {t m ""t n ci J:. < !ft cc. �H '.rE "2" n tJ: '-' , 

tc. eiJ � 8Jl -'if: t!i !!le 9 0 o * tc. • ::$: � M!i JB l� (J) -= :Jx. ffi: rtl1. t L, T 1) 1- 7 L. -1 ;;t :,, -= :Jx. ffi: Hl1. tU1- 0) 

-= :Jx. C i'I!! t "t 0 ta if cz: C.i , -t :h G tz: if b ft tc. � tt 1,r {l ffl ""t :h Ci J:. t,' c. t ft E -5 * 7'.:' t tJ: t,' 

[0054] 

OJiffi:H!!) 

:Jx. cz: . ...t � L, t.:: -= :Jx. • ti!! 0) flj m JB l� 0) � J 7: il5 G *H • ri!! cz: J l.,' L im 8Jj 9 G 0 

(0055] 

�4� . ...t�Lk-=Yx. ■ H!!�GM�"2":h0fflCH!!O)ft�l¥J¾�M!iJB ■ 0)� ■ �7'.:'il5?T 

. � 4 A C± *JI ffl ii!! 0) -'¥- lm � . � 4 B fj: *JI ffi ii!! (J) iE on � c' il5 fJ , � 4 C t± ffl ffi Hl1, 0) {llJj on � c' 

il5 0 o 

(0056] 

� 4 cc. ff; -t J:: -5 cc. • *JI • t-li! 3 o o 11 • * 9 , ...t � L tc. -= 1x. • ri!! 1,r :MH& , Till: y1J .ts J:: u M y1J 

cz: * Mi: L, T *JI ffl ii!! 2 5 0 1k M � L, , "2" G fZ: C. (J) *JI C ii!! 2 5 0 1k ti�, Uli y!J :ts J:: tf 1[ ylj fZ: * 

� L, l t,) Q O C. :h cc. J:. IJ • ri1i t$: fl :r. .:t lv ;lf - * ffl , r'iu {;$: fl 1:±1 7J * ffl t;, * e;iJ G :h Q m jjljj m llJ 

m • lffi � im WJ • lffi tc. Ji L tdJI • H!! 3 o o t tJ: {;) 0 20 

(0057] 

tJI C H!! 2 5 0 f± , 1, 7.. 1-:; - (J) J:. -5 tJ: C � 1¥] tJ: * Mi: -¥ i� 7,£' ffl t, ' T $§ !UZ: * Mi: L, , * Mi: ta !t 

3 1 0 .{t ffl \,,' l fi � � 'fl Ii "2" :h G O *JI • i'I!! 2 5 0 ti ' * m m J'!, 3 1 0 tc. J:. ? l < 'J.). J tr G 

:h 0 t.::il6 ffJI ffi i'I!! 3 0 0 CZ: Jt L, t � Jm # Pf fl!§ t tJ: ? T l,' 0 a tJ: .t3 , ff-JI ffi ii!! 3 0 0 CZ: ffl J,;I. J2, ti' 

*JI • ti!! 2 5 o (J) � :ts J:. u -:e 0) * m JB • c Till: y1J t;, Mz y1J t;, ) c:L -:e n 1k i!Hix 9 0 • jjljj c • Jn El

llJ 1J tJ: c ) t;, &;, � t 9 0 C ti!! '.@ • � 1:±1 tJ fz: JZ t: T 1* 6b :h kf J:: v' o 

(0058] 

tJ::t5. fflffi:i'l!!2501,rM�9Q�O)fflkO)-=:Jx. ■ H!!lO)*MlB ■ CTili��tt��) �.-_:, 

l,, ---c t [P] m c' ® 1J , m � 1 0 1:±1 tJ • EE � • 11!! m ;uz: iz c: ---c Y1!: � n ii J:: '-', o 

[ 0 0 5 9 ] 30 

(}Jfiiij) 

:Jx. cz: . ...t JZt L tc. -= :Jx. • r-li! 0) f1J m JB t� 0) � .-_:i '""f il5 Q m jjljj ""' 0) m tuz: .-_:i i.,, t $l a]l 1 Q a 

(0060] 

�5� . ...tJltLk-=Yx.C�.:'if:ta&Lk.lt[jjijj(J)�t,t$l�90keiJ0)�7:il&0a 

(0061] 

::$: � M!i JB l� (J) -= :Jx. ffi 1-ff! ffi 1i!! Ci , -WIJ i.. ti ...t Jlt L, tdJI ffi H!! 3 O O 0) JB ■ Cc. ffl :;t;. ...t Vf t , � 5 

cz: ff; ""t J:: -5 tc. , t.:: t i.. ti' ■ � El iiJ 11i 4 o o 0) J:. -5 tJ: $ jjiij cz: ta B "2" :h -5 0 a C Jn El iiJ .$. 4 o 

O�ts=B"2"ttk-=Yx.Crtl1.ffii'I!!�. OOi..� • .$.jjiijO)�-�J,tlt_lfJ"t0M•tLTffit,,;;h-5 

00 

(0062] 

�;;f;LkWJnE!liJ.$.4000)007'.:'�, ■ �EII/J.$.4000).$.¢�*$0)�Jf&""f�ffl ■ rtl1. 

3 0 0 .{t * • L, l l,' 0 0 � ff& ""f Cc. * • 9 tL ti' ' • pq � rEll .t3 J:: "Cf 1-- 7 / 'J Jv - L. 1k J1;:, < I& G 

c. t tf 7'.:' � Q iJ, G 7'.:' jij 0 a tJ: .t3 , *H ■ r-ff! 3 0 0 � ta B "t 0 ±J pfi �± , � JfC ""f ;c. ml[ G 1' , 1& ff�

1-- 5 :,, -'l ;1,, - b. 0) rim c' 1t J:: v, L , • jjiij M 7J (J) :r. :,, :: :.,, ;1,, - L -z; 1t � '-', 0 

[0063]

���ML�::$:��JBaI�J:.:h�. �""f(J)�-5tJ:�*1k•"9""0. 

(0064] 

::t:WM!iJBa(J)iEffifflCt$:I l�. MD/il 100)Won*k�jjijjffi�iEffi5ffi lt�l 11 

1kM�"2"�c�offl�tLka �L,TiEffi5S lt�l I I�, ffiI�$112�G��t 

40 
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$ c ff ffi 1 � ffli 1 1 2 fp 6 ffi 2 � ffli 1 1 3 1J IP] CZ: $ < ;/J: 0 J:: -3 CZ: L, T v' 0 o L, tc. '/} -::, T , 

.iEffiC• tt■l 1l�ffil�$112�Gffi2�$1131J[P]�V-�MM�fil<t:J..-::,T 

• mt f.J'i mt -tl � 9 < t:r.. -::, T v' 0 o 

[0065]

r.. -tl cc. J:: 9 , ffi 1 � $ l 1 2 i!W f.J, G ffi 2 fi#i! $ l 1 3 {l!lj re. fi < ,1 2.' • � ti!. M fl f.J'i Hf xt i'J';J [C. 

1J, c < t:r.. t:J . f.J, -:J � ff Ii t * � < {� --.::> i: t 7J' 1: � 0 o L, tc. 7J' -::, T , = 1x. • 1ill l 7J' G • tJ � 

I& t:J /±1 9 t 'E' , ts J:: t.Ht • 9 0 t 'E' r:: Ca: , • mt f.J'i � q:i "t 0 .iE ffi • • !J 7" 1 8 1.diH':?c 9 0 {l!IJ 

te to v' T � f1':t � � -::, T • tm � mt 9 i: t tJ' AT tf� t ;/J: 0 o -t (]) � * , .iE ffi � • !J 7' l 8 tJ' m M 

c-ttT•mt�•q:190-���Hl����-90J::-3t:r..r..t�t:r..<t:r..t:J, -���tL,T 

t 1llll & 1:. � � m < c. t t.J, -1> t:r.. v, 0 L, tr. t.J, -::, --c � • ,:: J:: 0 .1E 1rz • � 0) o .7.. -t .rJ> t:r.. v, = 1x. • 1& 1 o 

tt:r..00 
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*ki:(])·��J::t:J. +9t:r..'ftm.•�-��-�90Lc'.�t-�0k�ftm•m tt�J::

<t:r..00 

[0067] 

*k . .iEffiW• tt■ l 1 l(])/'J!c�. =1x.•1&�Wt-mM��tk-�. -{-O)m*J::.ff

Jl J:: t:J m � -l+IJ -tl 0 $ � t 9 0 r.. t t-, imHl m' llif 0) ii :?\ '11 � IP] J::. 9 0 i: t f.J'i t- 7E 0 a -r L, T 

, 1:!20) J:: -3 tJ:.iEffiW•·l1 ■ l 1 1 (]);j,#� t 90 c. t t-, -r(])J:: -3 [::ffl-< L, tr.t.;'§-1: t --t 

9t:r..nm.•�-��-�90Ct�'1:�00 

[ O O 6 8] 20 

* tr. , tm s!l ■ 1 1 0 � � it , i: 0) fill s!l /1 1 1 0 te ra -::, T .iE ffi 9 • ·Ii Ii l l l � 12 11: L, tc.

i: t t- , .iE ffi C • ti Ii 1 l 1 Jeli Jt t- [j: --t :B- t:r.. 5!( Ii'. � l@ 0 r.. t f.J'i t- fE t:r.. v ' !Jj '§- 1: t , .iE ffi � 

• -fi,; 1 1 � -fi,; t L T Ca: , + :B- tJ: sf!! & � R f* '9 0 i: t tJ' t- � 0 o L tJ' t , tJIBtll Ii l l O t;J:: , 

-{-0)/'J!b(])���.iEffiC. tt/il 1 lO)/'J!b(])�£t��£tLkr..t1:, .iEffi··�l 

ltLT��ffl;/J:ffl�t'90C.t�1:�00 -rO)k�. =1x.•1&�ffl�90�����-

/i c -tl 0 r.. t f.J'i ;/J: < , ff.§. ft it 'Ii f.J'i J:: v' a 

[0069] 

*k. ma���- m1•00112�;m2•w1131J[P]�m�901J[P]��•moo

3Skt:J�-m1t:tt:J..0J::-3�Lk(])t-, .iEffiW• tt/11 l l0)/'J!c�-�0�It@� 

t- S -o o 
30 
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*k. *�MllJB ■ (])=-:Jx.•��---MLkffl-�250tJJ::�300t'90i:tt-,

c * 1! * tJ: 1±1 tJ • EE � • ti!! @ It: t 9 0 c. t i:J, 1: 7! 0 a L i:J, 't , - "J 0-t "J 0) • � ta: :;:t � M!1 

JB 1l� 0) = 1x • ii!! t- s 0 0) t-. ft m. • m ti t:l• J:: 1;, 0) t- rco 5E -re • re. ii'iii G tc. t 0) t t:r.. 0 o r.. (f) tc. 

UJ r,"b 5E n • iey cc. :ta 1.,, --c -t rllll Ii'. 1: n tJ, -1> 1J: < , r,"b 1.,, ii :?-. ·11 � li ""t 0 0 

[0071] 

c 6 cc. , J:: !UJ:I. • ti!! 3 0 0 � ffl v' tc • � § l/J .$. 4 0 0 t;J:: , �Jl. • � 3 0 0 f.J'i r'cb Ji ft • � tc. 

:to v' T t rllll J!t J::. � t)' P t:r.. < , FcH' it :?\ '11 � li T 0 0) 1: , � wnm ff ffl L, T t --t 5:J' tJ: 1±1 tJ � :t.11! 

1� L, -3 0 o L, tc. f.J'i -::, T , r.. -tl � .$. jmj 1:: Rf ic L tc. r.. t 1: , = 1x • � 0) � � !ID • t Y ti:: < t- 'E' 

, c G tc. , � � tc. J:: 0 3't trz 1'l'l: � 0) o 7. t Y ;/J: v, 0) c' , f:?.H! CZ: JI -tl tc. 1'l'l'. � § j/J .$. , ; \ ,1' 7" 1) 40 

''/ F § l/J .$. � m � t- � 0 a 

[0072] 

[ � M!1 W i� 2 J 

�6�. �fjf§JBn20)=-:Jx.•1&���T���O)&$�ffi�t-S�o 

[0073] 

* � fjf§ W it� 2 0) = 1x • 1ill 2 f;J:: , ft ffi � ffl 1* l 4 � �F 9 ffl ·11 :tt :fSI. t- ,II � c n 0 fill i/!il II 1 4

0 0) f,tij Im re a ffi •• ti: Ii l 4 l � JB � L, tc. t 0) � ff m L, l V' 0 0 a j;i •• 'Ii Ii 1 4 1 .LJ_ 71-

0) � 0) Md�. WM!llB ■ It�mt-S0(])t-����MT0. t:r..�. ftffiW• tt�141

f;J:: • � 6 fc. 5:K L tdlfH� Ii l 4 0 � � A., t- 2 ;& J5 0 -3 � (f) - 15 � ii. -3 . .LJ_ T , Ji ffi � • 'Ii Ji

l 4 l t v' -3 !;} ft Ca: � t � i!t; T S 0 a 
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[0074] 

r. r. T: ffl lt • --C lt • 0 ft ffi ilJ m ·11. lfi I 4 I ( ilJ m tt ) f;i: , ffi 1 �ffii $ 1 4 2 fJllJ 7J' G -r h t f;i: &:

;l';t ffliJ 0) ffi 2 YI/tr $ l 4 3 ffliJ fC iJ, it --C /,: J}. iJ, Wf. < 7J:: 0 J:. -3 fi:. JB Jvt L, --C lt • 0 o ft ffi •• :>< 7' 1 9 

c�2#00) �•m��mmT0ftffi�-i'-u-r21�mm�ti0 

r.nfc:.J:.IJ, ftffi5m·[1.Jil 411±, ffi1Y/itr$142fPGffi2ftffii$1431J[P]fi:.�{ft]m 

ffi .:o t.:: 1J 0) 1!t • fJ'i m < tJ: ":J --c \,, 0 o r. ti ic:. ff \,, -r 0) v - � g m t m 1 *ffii w 1 4 2 iJ• G m 2 

YI/tr $ l 4 3 1J rPl fC {ti: < ;IJ:: ":J --c "'\ 0 0 T ;IJ:: b 15 . m l /ilf;l $ l 4 2 7J' G m 2 ftl/il $ l 4 3 1J rPl [C 

• rm iJ' rm n � T < tJ: ":J --c 1,, 0 0) -r: &Ei 0 o 

[0075] 

iJ; .to . � J} Ji 0) ft ffi ffi • f* 1 4 a f;i: • till 5flt Ji 1 4 0 fi:. tt L --C IE ffi fi!i 4m J!i Ji 1 2 fc:. tt rPl T l 0

0ftffiW. tt!i141�lB/'i!l�ti01J�O)Jj.ftffiW■ tt!il41�lBJvt�ti--C7J::0. 

[0076] 

r. 0) ft ffi W ■ ti Ji l 4 l f;i: , m v • 0 tt '¥He: %' fc:. ffiIH.1H;i: 7J:: ( , k. t ::t f;C � Ji � W • 'ti /Eb

o/J' -i'- TJ' � m t n -3 0 0 /� "* I'!� fC fj: • � Ji 0) � i'r ti . fJIJ ;:t ii ' :::.. 'Y 'T J),; • • ' A T / J..,., A iJ; 

�O)� ■ ttft�¥�Gti0a 7J::�T:t, ■ -i'-€9 tt. •r&��-ffitv•-3 ■ 2�G�. ■ 

iJ'i ff * L v' o 

[0077] 

-11. *��ma2-z:a. IEffi•■ f*11a, -rO)J,:J}.���atJ:<, ��tJ:J,:J}.0)-

� ffi ( t.:: t ?t. ii 7 lv 2. :::.. r) L. � ffl 7J:: c:.· 0) � � ffi Hi ) t L, --C v • 0 o 

[0078] 

IE ffi ffi m f* 1 1 /,£: t.:: t ::t ti , W � tc "-J v' --C W, )31J 7J:: i%' � /,£: L, 7J:: v • 7 Jv 2. :::.. '7 L. T: tilJ fi!l L, , 

ftffi5■ ft}il4ll,£: ■O)Wf.•-z:��O)J:.-j�J,:���re/,£:*k.�k.Wfi.ltt90C.t�T

� 0 " r. 0) t,i; i'r. 7 ;J.; 2. :::.. r) L. 0) M 2 C 6 6 o °C ) J:. IJ t ffi 0) ii,� C 1 o 8 3 °C ) n' if1j lt, 

k. UJ re . fAI w m � n' � � L t.:: � a . Y 1v 2. :::.. 1:'.7 L. n' w, )31J J,: � tc:. -::J lt, --c � � L 1J:: < --c t 7'c re

1Jt�t;/Jh00

[0079] 

* tc. • 1& tc:. , � 7 tc � T J: -5 tc:. , * � Tm iB � 2 0) = :JJ{ • r& 2 7J:: � � 0) • r& fi:. 71- W iJ, G 5

m f* 9 0 0 7J' "§: .iffi L- k ±jj i'r . IE ffi :ffi: ■ {;f;: l l iJ'i '!if � � n --C t , 5 • {;f;: 9 0 0 TJ' 1E ffi fc5 4] lit 

1 5 tc m M L T v ' 0 k UJ 1E ffi ffi ■ f* t L- T {'f ffl T 0 a c 0) tc. � � m T 0 lJi ■ rili 1 6 0) rEll T 

20 

f;i: ft ffi W • 'ti Ji l 4 l ;l3 J:. tF ft ffi :ffi: ■ 9 "J' l 9 I,£: .iffi L, --C 'f§. � §J � 7J' lB nlt � n --C 'f§. � • mt I 30 

fJ'\ mt n m it 0 o 7J:: ;l3 , ft ffi l/1- ■ 'ti Ji 1 4 l fj: , � 2 fZ: to t, • T ft ffi ffi ffl: f* 1 4 t iJ; -'@ t 0) T 

&Ei 0 iJ' G , -r 0) m 2 !'ilAf $ 1 4 3 fJIJJiJ' ft ffi • • ;;r 7 1 g re: J:. 1J 11 t-, iz: • m � iz: m m � n --c \, , 
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-rr.""f, ftffiW■ tl:Ji I 4 I O)WJ}.J,£:Wf.<, t.::t::ttf.@7(W�/,£:3 µm.l.�Tfc:.JBJvtTn 

tf , ■ ""f &El ":J T t � � tz: Jf � J: IJ � M L- '!if � -Ill ti 0 a r. 0) t.:: 6b l7i:J W �H� n' Jf :1t L t.:: ijJ} i'r tz: 

a, NWmMwmO)���J:.0m��n�. -rO)mm�&�oo�■ mtJ,£:•�90r.t�-r: 

� 0 0 

[0081] 

tJ: .to • /iaPl 1,£: m 1.,, t.:: ti i'r 0) w � 0) r �!Ht c w, tz: m 1 �iii! w ow ) tz: "_) 1.,, -c ta: � tz: moi:'. � n -r . 40 

m mt 1,£: mt 1 r. t fJ\ T: � 0 :IN ,J, �N 0) W � T: J:. v' a %' tz: * � Tm JB l� tz: to lt' --C t , till 5j JI 1 4 O 

TJ' � tt G n T v • o t.:: � . 1i'i Ji ti /ll JJi 1!R T , -r 0) iB :Ix iJ, f4Ltif T � 7J:: v • ti c:.· WI- ( -C t • mt I,£: mt 

T r. t fJ\ 7! � n tl rdl � iJ; v' a 

[0082] 

- 1J . till "%1: Ji l 4 0 t;i: ft ti llf; ■ 'Ii Ji l 4 l 0) $ J}. 0) A] ffi2. t � A] ffi2. 0) $ JJ T JB � � .f1 --C \, '

0 o C 0) tm iJflt Ji l 4 0 tc "-J t, • T t± , � fm Je lt� l T � tl}J L, t.:: t 0) t iJ:rJ l: T J:. t, • 0) T , l\¥ fill iJ;

$t aJJ ti � am T 0 o 

[0083] 

* tc. . a ffi • � t$: 0) tt :is+ t L --c lll � ·11: m H� � m 1;, 0 ijJ} ,g- t , � rm m it� 1 t iPl ffi 0) • • ·11
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�J::.��Lk$��ma2�J::tt�. ���J::-5/;J:.�-�·90. 

[0085] 

*��m-�a••·�l4tLT, Mnlll40(J)�ffi*k��ffi�QffiW ■ ltlll

4 1 Ji'.- ft ii- � -t±-T iJ: 0 :l,li m t L tc. o -t L T , ill. ffi ¥#, ■ ti II 1 4 1 ti , ffi 1 �Ml $ 1 4 2 iJ, G 

.:e- .n t ti &: tt {l{U rJ) m 2 � fffl 1 4 3 15 r�n:: • • iJ" m <. fJ:. 0 J:: 0 1:: 1;J We /a::' � tc. -tt . m 2 � rm 1 

4 3 {l{rJ t:: ill. ffi ffi ■ 5 7' 1 9 1,£- ■ m a"J t:: ft fire L -C t,' 0 • � {* a"1 t:: Ci -t rJ) f!J. c tJ' , ffi l � $ l 

4 2 iJ• G ffi 2 � $ 1 4 3 1i ri'rJ fi: W <. iJ; 0 J:: -5 t:: L -C t,' 0 a L tc. iJ'i -::i -C , ft ffi W ■ 'ti II 1 4 

1 ti m 1 l/iffi $ 1 4 2 tJ· G m 2 �m $ 1 4 3 15 ri'fJ fi: 1/ - r m, m iJ' {B: < tJ: -::i -c t-, 0 " 

[0086] 

c. .n tc J:: IJ , m 1 l!iffi fffl 1 4 2 {l{U iJ· G m 2 l!iffi fffl 1 4 3 {l{U tc fi < ,f t· • m m m {wr iJq§ tt a"J re

1J, � <. iJ: IJ , iJ• --:J � ':H :II: t -Jc � <. {lR -::> c. t tJ, T � 0 a L tc. tJ, -::> T , = ":fR.. ■ rt!! 2 iJ• G ■ tJ /a::' 

�1Jili9t�. �J::an■90t���- •rn�•$90ftffi•■ �719:t,£-•E9000 

tc :t5 t,' T � fit Ji'.- � -::> T ■ m 1,£- m 9 C. t iJ'i � liE t /J: 0 a -t � $S * , ■ m iJ'i ffi $ 9 0 ft ffi ffi ■ 

-;. 7· 1 9 Ji'.- t& fire 9 0 {l{U ti it tJ, i'§ tt �9 r:: J£ M 9 0 J:: -5 fJ:. c. t iJ'i fJ:. < fJ:. IJ , ■ � � f* t L -c t 

1.!ll. .1Jt J::. -n � fl <. C. t iJC:J> iJ; t,' a L, tc. iJ'i -::> l J£ � [;: J:: 0 Jt fij{ ■ iey rJ) P A t 19 iJ; t,' = ":fR.. ■ � t 

iJ; 0 0 

[0087] 

10 

* tc. c. � :i,1i nit re J:: 1J • --t fr tJ: n fij{ • v - r � i.t_ f* 9 G c. t iJ, T � G tc. 6lJ n 1f1. • w ·ti iJ, J:: 20 

<.tJ:00 

[0088] 

*k. a:.m• ■ tt11141�wc:t,£-, =":!R.•��$T�-���tc.�� . .:e-(J)mffl'.J::.ff

J&: J:: IJ 1n � t;IJ .:h 0 W � t. 9 0 C. t T , it � 'lit iey rJ) iJ 7s. 'ti /a::' ri'fJ J::. 9 0 C. t. iJ'i c' � 0 a -t L -C 

, J::. �2 rJ) J:: -5 iJ: ft ffi W ■ ti. II 1 4 1 � � nit t 9 0 i:. t T , -t � J:: -5 [;: ft < L tc.J: ;l]  ii- c' t + 

fJ-iJ:n1fl. ■ v-r/a::'��90C.t�c-�00 

[0089] 

* tc. . Mn 11 1 4 o /a::' � it . c rJ) M sm 11 1 4 o re ra -::> -c a ffi w • ·ti 11 1 4 1 /a::' jj2 Ji'. L tc.

c. t T , ft ffi W ■ tt/1 I 4 I .iji 19.l T t.i + fr tdi &'. 1,£- f i 0 i:. t iJ'i c' � iJ; t,' � ii- c' t , il: ti ffi

• � 1 1 it � t L, z c.t . --t 5t JJ: sm JJt /a::' � f* 9 0 c t tJ, T � 0 0 L, tJ, t , M sm 11 1 4 o ti , 30 

-t(J)W��1,Jre:t,£-ftffiW ■ ltlll4l(J)/!j[��1,Jretm1;JretLtc.c.tT, ftffiffi ■ �l

4 t L, --C ti --¥ ±!! iJ; ffl m t 9 0 C. t iJ'i T 15 0 o -t rJ) tc. 1h , = ":fR. ■ rt!! /a::' ffl !£ 9 0 � (;: @JI. 6iJ tc:: ffi

/I c .:h 0 C t TJ' f;J:. <. , ff,§_ {t it '11 rJ) � 11:: 1,£- :Jfl) ffi!J 9 0 C t. iJ'i T � 0 o 

[0090] 

*k, EM1;Jre�. ffil.$142�Gffi2.$143JJ[P)���9{S7J[P)��.ijimffi

ffi®klJ�--•t.fJ:.0J::-5�L,k�c'. ftffiW ■ ltlll41(])/!J.c:t,£-B�o�It'f;� 

l:®00 

[0091] 

c G tc::, *��ID i� 2 � = ":fR._ ■ iili 2 t::-::> t,, -C t, � � Jf5 i� 1 � � t::, ffl ■ � t. L, --C � !£ 

9 0 c. t iJ" T � 0 o * tc. , c. � ffJI • rili 7,£- :ij[ jjljj ic. m $x 9 0 c. t -t T � 0 o 2:. rJ) � ii- , m • mi 40 

$J::U$jjijjtL,T(J)�ffl�-�Et�•ma1t�g��0i:.t�T�0a 
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�8�. ��IDa3(J)=� ■�:t,£-��"90k6iJ(J)&$�ffi�T��o 
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*��m•3(])=":fR. ■�3�. oo�Gk��mn1t�•mn2:t,£-MftLtc.mnT�0

o 9iJ;b�. ITffiffi ■�l l��W ■ lt�ftc-ffl!£�h0Mnll14O(J)jjijjffi�ITffi9 ■ 

'ti /I 1 1 1 ( w • � ) 7,£- m PX. L tc. t � 7,£- fl m L L t,' 9 0 :r:E ffi w • '11 II 1 1 1 /;l:. m 1 ilW $ 1 

1 2 fflU iJ• G -t .:h c: ti &: :kt fflU rJ) ffi 2 flffil $ 1 1 3 OOJ f;: fJ' it --C f!J. 'J-J. iJ'i � <. /J: 0 J: -5 f;: JB nt L --C t,, 
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t/M � 1) - F 2 0 i)\ m m � tL 0 0 ;IJ: :t3 • .iE ffi •• t'E I@ 1 1 l ,1 . � 8 [C. � L, tdJIJ51 I@ 1 1 0 

e m Iv 1: 2 � .5 0 '5 t, If) - jj e ii. '5 a .LJ. r , .iE ffi 5 ■ '11 Ji 1 1 1 t v 1 '5 ijj Ei' ti 1oJ G � IJiK 1: 

s 0 0 

[0094] 

-jj, a••·�14U, #W■ ttttflTM��tL0MnM1400)jjlijffi�ftffi5 ■ tt

• 1 4 1 ( • • tt ) � Jr; � G tc. t If) e f9:! m G -c 1,, 0 0 ft ffi • • ·11 11 1 4 1 ,i m 1 tffll $ 1 4

2 illU t,,, i; .:e- .n t t:t &: tt ill'J 0) m 2 tlM iffl 1 4 3 illH: t,,, rt -c PJ- h n' PJ- < tJ: 0 J:: -5 re. JB � 1_, -c 1,, 0

a .:t L T • ffi 2 t//ti $ 1 4 3 ffirJ t;: Q ffi ffi ■ !t 7' 1 9 C � 2 W' R� ) e ■ � i'rf,_J f;: m m '9 0 Q ffi tffll 

� u - F 2 1 i)\ m m � .n 0 a tJ: :t5 • a ffi • • ·11 M 1 4 1 fi . � 6 r: � G tc. M 51 m 1 4 o e 
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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 

5 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 

JO 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. 

15 

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 

20 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 IO amps, wherein the battery cell has a 

lithium-polymer based chemistry and a nominal charged internal impedance of less than or equal 

25 to approximately IO 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 IO amps, wherein each cell has 

a lithium-polymer based chemistry and a nominal charged internal impedance of less than or 

equal to approximately IO milliohms. 

30 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 

1 
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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 

5 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 

JO 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 

15 based chemistry and a nominal charged internal impedance of less than or equal to approximately 

10 milliohms. 

20 

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: 

25 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, 

30 

Figure 4 illustrates a cell pouch for a lithium-polymer based battery, 

2 
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Figure 5 illustrates a string of the five battery cells having terminals welded in series prior to 

forming into a stack of Figure 4, 

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

tool battery according to the invention, 

JO 

15 

Figure 7 illustrates 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 

20 battery according to the invention, and 

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

cells. 

25 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. 

30 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 

3 
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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 is 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 

5 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 trimmers and the like. Such a battery could also be used in floor care 

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

JO 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 

15 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 controller or trigger 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. 

20 

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 electrode sheet 31 and a second electrode sheet 32 

laminated to respective sides of a polymer based separator substrate 33. Connection tabs/tapes 

25 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 chemistry of the cell is chosen to provide a 

30 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 

4 
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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 

5 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 

JO 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 

15 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 

20 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 

25 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 

30 opposite ends of the cell 30 the weld joint can be quickly and easily formed by a weld between 

5 
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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 

5 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. 

JO 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 

15 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 3 7 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 

20 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 

25 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. 

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 

6 
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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 

5 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 EVA 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 

JO 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 is fitted with a cover 42 in order to mechanically hold the stack of battery cells 30 

15 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 

20 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 

25 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 

30 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 

7 
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tab 3 51 of the stacked cells 3 0 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 

5 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 

JO 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 is 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 

15 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 

20 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 

25 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 

30 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 

8 
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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 

5 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 Pi divided by 4 (Il/4) or 78%. The stacked flat cells of the 

present invention provides a ratio of the combined battery volume to housing volume (fill ration) 

JO 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 

15 20 interconnected cells, or more preferably between 2 and IO 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. 

20 
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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 IO amps, wherein the battery 

cell has a lithium-polymer based chemistry and a nominal charged internal impedance of less 

JO than or equal to approximately IO milliohms. 

2. The lithium-polymer based battery pack of claim I 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 

15 than IO amps, wherein each cell has a lithium-polymer based chemistry and a nominal charged 

internal impedance of less than or equal to approximately IO 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. 

20 

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

25 cells comprises between 3 and 5 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. 

30 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

JO 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 

15 the cells, and further including a resiliently deformable substrate between the adjacent cells. 

20 

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 is 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 

25 signal to a battery controller. 

30 

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

5 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 

JO 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 1s

15 symmetrically opposite the first edge. 

20 

25 

30 

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

5 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 

JO 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, 

15 a plurality of substantially flat battery cells stacked within the housing such that each sell 

20 

25 

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 

30 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 

JO floor cleaner such as a vacuum cleaner. 

15 

20 

25 

30 
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The multi-functional sampling end minor structure of group battery 

Abstract 

The utility mode! belongs to the technical field of the battery pack:, in particular to the multi-functional sampling end minor 

structure of battery pack, including the insert in the electrode manner piece insert soon linkage segment, parcel temperature 

sensor probe the temperature sampling section and with the voltage sample section of voltage sample conductor compression 

jointing, the voltage sample section through the temperature sampling section with insert the linkage segment soon and be 

connected. !t 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, also can realize sampling 

simultaneously. The utility model discloses when realizing battery voltage and temperature sampling, both simplified technology, 

reduced manufacturing cost again, be suitable for batch production. 
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