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(57) Abstract: A battery pack system includes at least one battery pack (20) for a power tool (10) that includes at least one battery
cell (24) and battery terminals (36). A storage case or tray (40) is adapted to accommodate the at least one battery pack and includes
charging terminals (41a, 41b, 41c, 42d) for directly contacting the battery terminals, at least one device (46) that receives wirelessly
transmitted power and a circuit (92) that converts the wirelessly received power into a charging current that is supplied to the char-
ging terminals. A method for recharging the battery pack includes engaging the battery terminals with the charging terminals of the
first storage case or tray, generating an electromagnetic field adjacent to the first storage case, generating a charging current using
power obtained from the electromagnetic field, and charging the at least one battery cell in the battery pack using the charging cur -

rent.
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Description

Title of Invention: BATTERY PACK SYSTEM AND METHOD
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FOR RECHARGING A BATTERY PACK

CROSS-REFERENCE
This application claims priority to US provisional patent application no. 61/511,089
filed on July 24, 2011, the contents of which are fully incorporated herein by reference.

Technical Field

The present invention generally relates to battery pack systems and methods for
recharging a battery pack, as well as to rechargeable battery packs for power tools,
and/or to storage cases or trays for storing and/or carrying such battery packs while
providing a charging capability and/or to base stations for supplying power to the
battery packs and/or storage cases and/or to adapters for battery packs.

Background

In the cordless power tool field, the user must always be conscious or aware of the
charge status of the battery pack, because a discharged battery pack can not be used to
drive the power tool. Thus, to avoid a loss of productivity, the user must always ensure
that the battery pack is adequately charged to perform the necessary power tool op-
erations without undesired interruptions.

In order to improve productivity, it is known to charge a battery pack while
transporting the battery pack and power tool, e.g., to a worksite. However, known
mobile charging techniques require a physical engagement of the battery pack with the
charger that can become disconnected during transport if the battery pack is not
securely connected to the power source. The disconnection can be caused, e.g., by vi-
brations generated while driving or by a sudden disruption, such as hitting a bump on
the road. If the battery pack becomes disconnected during transport, the battery pack
may not be fully recharged when the user arrives at the worksite, thereby possibly
causing undesired delays in performing the necessary power tool operations.

Recently, the Wireless Power Consortium has begun work to develop an inter-
national standard named "Qi" for compatible wireless charging stations.

Summary

It is an object of the present teachings to provide improved battery pack systems for
power tool systems, and methods for recharging battery packs, as well as to provide
power tools utilizing such battery packs, storage cases or trays capable of storing and
recharging such battery packs, and/or base stations for supplying power to the storage
cases and/or to adapters for battery packs.

This object is achieved by the invention recited in the independent claims. Further
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developments of the invention are recited in the dependent claims.

In one aspect of the present teachings, a battery pack system includes a storage case
or tray capable of wirelessly receiving power and supplying charging current to a
battery pack via a wired contact.

In another aspect of the present teachings, a method for recharging a battery pack
involves wirelessly transmitting power from a source of wirelessly-transmitted power,
e.g., a base station to a storage case that generates and supplies a charging current to a
battery pack via a wired contact.

Such a system and/or method enable(s) the battery pack to be charged simply by
placing the storage case proximal to a source of wirelessly-transmitted power, e.g., a
base station. Furthermore, such a system and method are resistant to, or suppress, the
negative effects of contamination that can be a problem in a power tool work en-
vironment, because exposed electrical contacts could be covered with dirt, grease, dust,
etc. For example, electrical contacts for connecting the battery pack to the source of
charging current may be provided inside a case, which can be closed to protect the
battery pack from the outside environment, e.g., during transport or at a work site. The
case is configured or adapted to receive power for generating the charging current via a
wireless connection, so that the components of wireless power transmission circuit
(e.g., an induction coil and AC/DC converter) also may be protected within the case,
such that no part of the charging circuit of the storage case is directly exposed to the
outside environment. Furthermore, the base station for providing the wirelessly
transmitted power may also be designed such that its sensitive components are shielded
or protected from the outside environment. But, by placing the storage case proximal
or adjacent to the base station, power can be transmitted/transferred from the base
station to the storage case in order to reliably charge the battery pack even if the
storage case dislodges or moves relative to the base station, e.g., during transport or at
a work site.

In another aspect of the present teachings, battery packs and storage cases are taught
that provide trouble-free charging. In certain embodiments, it is only necessary to place
the battery pack on or into a corresponding compartment or receptacle within the
storage case and the charging takes place automatically, if necessary. In certain aspects
of the present teachings, it is not necessary to physically engage the storage case with a
source of charging power, thereby simplifying the charging operation, as the charging
power is transmitted wirelessly.

In addition or in the alternative, the storage case may have the capability of charging
the battery pack while the battery pack is being transported, e.g., to a worksite, either
while the battery pack is disconnected from the power tool or even while the battery

pack is connected to power tool. In various additional aspects of the present teachings,
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the storage case may obtain the power necessary to charge the battery pack from an
AC power source, such as a commercial AC power supply or a stand-alone generator,
from a DC power source, such as a vehicle battery system, or from a self-contained,
rechargeable power source, such as one or more high-capacity battery cells. The DC
power source may also comprise fuel cells and/or solar cells, in addition or instead of
battery cells.

In addition or in the alternative, the storage case may be configured to simul-
taneously accommodate and recharge two or more battery packs, including one or
more battery packs attached to a power tool.

In another aspect of the present teachings, a base station may be provided to supply
energy to the storage case for recharging the battery pack(s). The base station may be
powered by an AC power supply (e.g., a commercial AC power supply or a stand-
alone generator), a DC power supply (e.g., a vehicle battery system) or a self-contained
power source, such as one or more high-capacity, rechargeable battery cells, fuel cells
and/or solar cells.

The base station may transmit power to the storage case either via a wired connection
or a wireless connection. In the latter case, the present teachings offer a very
convenient charging design, because it is only necessary for the storage case to be
placed proximal to (e.g., on top of or side-by-side with) the base station in order to au-
tomatically initiate the supply of power to the storage case and thus to begin the
charging operation.

In another aspect of the present teachings, the storage case may be further configured
or adapted to transmit power to another storage case placed proximal or adjacent to
(e.g., on top of or side-by-side with) the storage case. The power may be transmitted
wirelessly or by a wired (direct) connection.

In a preferred embodiment, a plurality of storage cases may be stacked one on top of
another or side-by-side. In such a stacked or side-by-side arrangement, the battery
packs in all of the storage cases may be simultaneously charged using energy
transmitted via each of the stacked storage cases.

The storage cases and/or base stations according to the present teachings may be
portable and may optionally include, e.g., a handle for convenient carrying. The
storage cases may also include one or more latches (e.g., two) to securely close the
storage case during transport of the storage case and the battery pack(s) stored therein,
as is well known in the art.

In the alternative, the storage cases and/or base stations may be shaped like a tray,
which could optionally be intended to remain stationary in a fixed location, e.g., near
an assembly line. Such storage cases may include a plurality of compartments, each

designed to accommodate and charge a single battery pack, e.g., using wirelessly-
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transmitted power. Such an embodiment of the present teachings provides a convenient
apparatus (case) for both storing battery packs (when not in use) and ensuring that all
stored battery packs are always fully charged, by recharging the stored battery pack(s)
if necessary. In this aspect of the present teachings, the user is only required to place
the battery pack into an empty compartment in the storage case and it is not necessary

to, e.g., physically engage battery contacts with the charger or the power source.
In another aspect of the present teachings, adapters for battery packs are provided

that include wireless power transmission circuitry. Such adapters may be advan-
tageously utilized to supply a current, e.g., a charging current, to the battery pack by
wirelessly obtaining power from a power transmitting antenna, €.g., in a storage case
or from another structure, such as a base station or other wireless charging station. In
such an embodiment, the battery pack is not required to include wireless charging
circuitry, thereby enabling the present teachings to be advantageously used with known
battery packs that receive a charging current via battery terminals.

Further objects, advantages, embodiments and details of the invention will be readily
understood by the skilled person upon reading the following detailed description and
claims in view of the appended drawings.

Brief Description of Drawings

Fig. 1 shows a power tool system according to a first aspect of the present teachings
in an exploded view.

Fig. 2 shows the power tool system of Fig. 1 with all components stored in their re-
spective compartments.

Fig. 3A shows a top view of a representative base station for wirelessly supplying
power to a storage case according to another aspect of the present teachings.

Fig. 3B shows a front or side view of the base station of Fig. 3A.

Fig. 3C shows the base station of Fig. 3B in a folded state for compact storage.

Fig. 4 shows a modification of the base station of Fig. 3.

Fig. 5 shows a plurality of storage cases stacked on top of a base station for charging
the battery packs stored in the storage cases.

Fig. 6 shows a base station modified to obtain power from a DC vehicle power
source, wherein two storage cases are stacked on the base station for simultaneous
transportation and charging of the battery packs stored therein.

Fig. 7 shows another modification of the base station and a storage case to be stacked
thereon.

Fig. 8 shows the base station of Fig. 7 ready to be transported with storage cases
stacked thereon.

Fig. 9 shows a representative circuit diagram for the base station, storage case and
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battery pack according to another aspect of the present teachings.

Fig. 10 shows another representative circuit diagram with a modified base station.

Fig. 11 shows a modification of the base station and the storage case to include
electrical contacts so that power is conducted or transmitted via a wired (direct)
connection from the base station to the storage case(s).

Fig. 12 shows a plurality of the storage cases of Fig. 11 stacked on the base station
for charging the battery packs stored therein, wherein power is conducted or
transmitted from one storage case to another storage case via one or more wired con-
nections.

Fig. 13 shows a modification of the base station with a storage case to be disposed
thereon.

Fig. 14 shows an enlarged view of the electrical contacts utilized in the embodiments
of Figs. 11-13.

Fig. 15 shows a representative circuit diagram for the base station, storage case and
battery packs according to an aspect of the present teachings that utilizes direct
electrical contacts between the base station and the storage case(s).

Fig. 16 shows the storage case of Fig. 1 that is supplied with power via an AC power
cord.

Fig. 17 shows the storage case of Fig. 1 that is supplied with power via a DC power
supply connector.

Fig. 18 shows the storage case of Fig. 1 that includes a set of high-capacity,
rechargeable battery cells for storing energy to charge the battery packs stored in the
storage case.

Fig. 19A shows an exploded view of a power tool system according to another aspect
of the present teachings, in which a charger is capable of wirelessly obtaining power
and storing the power for subsequent use in charging a battery pack.

Fig. 19B shows a representative circuit diagram for implementing the embodiment of
Fig. 19A.

Fig. 20 shows a modification of the storage case according to the present teachings
so as to provide a plurality of compartments for storing and charging battery packs.

Fig. 21 shows another modification of the storage case containing electrical contacts
for charging the battery pack and an induction coil for wirelessly obtaining power from
a base station or another storage case.

Fig. 22 shows a representative circuit diagram for implementing the embodiment of
Fig. 21.

Fig. 23 shows an adapter configured to wirelessly obtain power from a base station
or a storage case and to detachably connect to a battery pack.

Fig. 24 shows a representative circuit diagram for implementing the embodiment of
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Fig. 23.

Fig. 25A shows a battery pack and another adapter for wireless charging in a
separated state.

Fig 25B shows the battery pack and the adapter of Fig. 25A in an assembled state.

Fig. 26 shows a representative circuit diagram for implementing the embodiment of
Figs. 25A and 25B.

Fig. 27 shows an embodiment similar to Fig. 11 in which the base station and the
storage case each include electrical contacts so that power is conducted or transmitted
via a wired (direct) connection from the base station to the storage case(s).

Fig. 28 shows a plurality of the storage cases of Fig. 27 stacked on the base station
for charging the battery packs stored therein, wherein power is conducted or
transmitted from one storage case to another storage case via one or more wired con-
nections.

Fig. 29 shows a storage case similar to the embodiment of Fig. 21, which containing
electrical contacts for charging the battery pack, but in which the wired contacts
according to Figs. 27 and 28 are utilized to obtain power from the base station or
another storage case.

DETAILED DESCRIPTION OF THE INVENTION

Representative, non-limiting examples of the present invention will be described
below in greater detail. This detailed description is merely intended to teach a person
of skill in the art further details for practicing preferred aspects of the present teachings
and is not intended to limit the scope of the invention. Furthermore, each of the ad-
ditional features and teachings disclosed above and below may be utilized separately or
in conjunction with other features and teachings to provide improved battery packs,
power tools, power tool systems, cases or trays for recharging the battery packs, base
stations for supplying power to the cases, trays, adapters and/or battery packs, and
methods for manufacturing and using the same.

Moreover, combinations of features and steps disclosed in the following detailed de-
scription may not be necessary to practice the invention in the broadest sense, and are
instead taught merely to particularly describe representative examples of the invention.
Furthermore, various features of the below-described representative examples, as well
as the various independent and dependent claims below, may be combined in ways that
are not specifically and explicitly enumerated in order to provide additional useful em-
bodiments of the present teachings.

All features disclosed in the description and/or the claims are intended to be
disclosed separately and independently from each other for the purpose of original
written disclosure, as well as for the purpose of restricting the claimed subject matter,

independent of the particular combination of features in the embodiments and/or the
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claims. In addition, all value ranges or indications of groups of entities are intended to
disclose every possible intermediate value or intermediate entity for the purpose of
original written disclosure, as well as for the purpose of restricting the claimed subject
matter.

It is expressly noted that all of the above- or below-described (or claimed) functions
may be implemented in any of the following exemplary embodiments, e.g., by appro-
priately programming the controller(s) of the device, which may be embodied with one
or more processors (e.g., microprocessors) and memory/storage that stores programs
and data to be executed by the processor(s). In the alternative, some or all of the above-
or below-described functions may be implemented in analog circuitry, dedicated
digital circuitry, e.g., a state machine, or mixed dedicated circuitry in any of the below-
described exemplary embodiments, as would be well understood by a person of
ordinary skill in the art after reading the present disclosure.

Fig. 1 shows a first embodiment of a power tool system 1 according to the present
teachings, which generally includes a power tool 10, two battery packs 20, a charger
38 and a storage case 40.

The power tool 10 may be any type of battery-powered, portable tool, whether
already known in the art or developed in the future, including but not limited to driver
drills, impact drivers, circular saws, impact wrenches, reciprocating saws, jig saws,
flashlights, blowers, trimmers, vacuums, miter saws, chain saws, band saws, staplers,
grinders, sanders, buffers, concrete mixers (vibrators), radios, etc.

Generally speaking, such a power tool 10 includes a trigger 12 (or other manually-
operated ON/OFF switch), an electric motor and an optional reduction gear
transmission (not shown) disposed within a housing 14, a hand-grip or handle 16 and a
battery holder 18. A tool 19 is driven by the motor/gear transmission to perform a
power tool operation, e.g., cutting, drilling, tightening/loosening, mixing, sanding/
grinding, illuminating, etc.

The battery pack 20 is physically and electrically connectable to the battery holder 18
of the power tool 10 and includes one or more battery cells, as will be described in
further detail below. For now, it is only necessary to point out that the battery pack 20
also includes a first receiving antenna 22, which is configured to receive, take or
absorb wirelessly-transmitted electric power, such as via a varying electromagnetic
field (magnetic flux), utilizing, e.g., an inductive coupling (charging) technique or a
resonant inductive coupling (charging) technique.

A charger 38 may optionally be provided with the power tool system 1 and in this
embodiment, it is powered by a commercial A/C power source via a plug 39. As will
be further discussed below, the charger 38 may be configured to recharge the battery

pack 20 by a wired or direct contact connection, as is well known in the art, and/or by
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wirelessly-transmitted power that is received by the first receiving antenna 22 of the
battery pack 20 and is ultimately converted into a charging current. In this case, the
charger 38 would include a transmitting antenna configured or adapted to wirelessly
transmit power to a proximally-disposed battery pack 20, as will be further discussed
below.

The power tool system 1 of the present embodiment also includes a storage case 40,
which may optionally be configured to transport the power tool 10, battery pack(s) 20
and the charger 38. The storage case 40 may include one or more of: a first com-
partment 41 designed to receive or accommodate a first battery pack 20 in a detached
state, a second compartment 42 designed to receive or accommodate the power tool 10
while connected to a second battery pack 20 and/or a third compartment 43 designed to
receive or accommodate the charger 38. Each compartment 41, 42, 43 may include a
first transmitting antenna 44 configured or adapted to wirelessly transmit a source of
power, such as an electromagnetic field, as will be further discussed below.

The storage case 40 may optionally have only one, two or more first compartments
41. In the alternative, the storage case 40 may optionally have only one, two or more
second compartments 42. In the alternative, the storage case 40 may optionally have
only one, two or more third compartments 43. The present teachings encompass all
possible combinations and numbers of first, second and third compartments 41, 42, 43,
including the absence or omission of one or more of the first, second and third com-
partments 41, 42, 43.

The first and/or second compartment(s) 41 and 42 is/are preferably arranged,
configured and/or designed so that the first receiving antenna(s) 22 will be disposed
proximal or adjacent to the first transmitting antenna(s) 44 when the battery pack(s) 20
is(are) disposed in the storage case 40. Various arrangements are possible as the person
skilled in the art will recognize after reading the following explanation.

For example, in the embodiment shown in Fig. 1, the first receiving antenna 22 is
disposed on, in or adjacent to the bottom surface (side) 21 of the battery pack 20, e.g.,
the surface of the battery pack 20 that is opposite of the surface that connects to the
battery holder 18 of the power tool 10. Optionally, the first compartment 41 may be
configured to receive the first battery pack 20 such that the bottom surface (side) 21 of
the battery pack 20 lies on the bottom surface (side) 45 of the storage case 40. That is,
the first compartment 41 can be designed so that it prevents the battery pack 20 from
being placed in the storage case 40 in a state in which the first receiving antenna 22 is
not proximal or adjacent to the first transmitting antenna 44.

As the skilled person will recognize, the first receiving antenna 22 could instead be
disposed, e.g., on a lateral side of the battery pack 20, in which case the first

transmitting antenna 44 could also be disposed on the corresponding lateral or
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vertically-extending side of the first compartment 41 so that the first receiving antenna
22 will always be proximal to the first transmitting antenna 44 when the battery pack
20 is disposed in the first compartment 41. To achieve this result, the outer contour of
the battery pack 20 and the inner contour of the first compartment 41 could be
designed so as to permit the battery pack 20 to be inserted in only one specific ori-
entation. In addition or in the alternative, visual and/or written directions could be
placed on an interior surface (e.g., the bottom surface 45) of the storage case 40 to
provide instructions for the user with respect to the appropriate orientation of the
battery pack 20 within the first compartment 41 to ensure the charging operation will
proceed.

The second compartment 42 may be configured or adapted to operate in the same
functional manner as the first compartment 41 and thus the above-described teachings
concerning wireless charging capabilities of the first compartment 41 are completely
applicable to the second compartment 42. Thus, it is not necessary to repeat the
functional aspects of the wireless charging capability of the second compartment 42
herein.

However, the second compartment 42 may be constructed in a different manner
because it is designed to accommodate the battery pack 20 while it is attached to the
power tool 10 and is also designed to wirelessly charge the battery pack 20 in this
attached state. Therefore, the second compartment 42 has larger dimensions than the
first compartment 41 and preferably has an inner contour that matches or is at least
substantially complementary to the outer contour of the combined power tool 10 and
battery pack 20, so that the user is required to place the combined power tool 10 and
battery pack 20 into the second compartment 42 in a particular orientation, i.e. the ori-
entation that places the first receiving antenna 22 of the battery pack 20 proximal to the
first transmitting antenna 44 of the second compartment 42.

In the embodiment shown in Fig. 1, the first receiving antenna 22 is disposed on, in
or adjacent the bottom surface 21 of the battery pack 20. Therefore, first transmitting
antenna 44 is disposed on a lateral or vertically-extending wall of the second com-
partment 42 in a position that will be proximal or adjacent to the first receiving antenna
22 when the power tool 10 and battery pack 20 are disposed in the second com-
partment 42.

Naturally, other configurations or orientations of the first transmitting and receiving
antennae 22, 44 are possible within the scope of the present teachings and it is only
necessary that the first transmitting and receiving antennae 22, 44 are disposed suf-
ficiently close to each other in order to enable the wireless charging operation when the
power tool 10 and battery pack 20 are disposed within second compartment 42. That is,

the first transmitting and receiving antennae 22, 44 are preferably disposed at least sub-
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stantially parallel to each other when the combined power tool 10 and battery pack 20
are disposed within second compartment 42. For example, if the first receiving antenna
22 is disposed on, in or adjacent to a lateral side of the battery pack 20, the first
transmitting antenna 44 may be disposed either on or in the bottom side 45 of the case
40 (i.e. on the bottom side of the second compartment 42) or on another lateral side of
the second compartment 42. All such other configurations are within the scope of the
present teachings.

The storage case 40 also requires a device for receiving or providing power (energy)
in order to drive the first transmitting antenna(s) 44. Several options are available and
the present teachings are not particularly limited in this regard.

For example, as shown in Fig. 1, the storage case 40 may include a second receiving
antenna 46 disposed, e.g., in, on or adjacent to the bottom surface (side) 45 of the
storage case 40. The second receiving antenna 46 may be configured to receive
wirelessly-transmitted power from another power source, which may be a base station
60 for the storage case 40, as will be discussed further below with reference to Fig. 3,
or even another storage case 40.

In the present embodiment, the storage case 40 further (optionally) includes a second
transmitting antenna 48 disposed in, on or adjacent to a top surface (side) 47 of the
storage case 40. The second transmitting antenna 48 is configured to wirelessly
transmit power, e.g., via an electromagnetic field, to the second receiving antenna 46
of another storage case 40 that is disposed above or adjacent to the top surface (side)
47 of the storage case 40. Such an embodiment will be described below in more detail
with reference to Fig. 5.

Fig. 2 shows the first battery pack 20, the power tool 10 with the connected second
battery pack 20 and the charger 38 disposed within their respective compartments 41,
42, 43. In particular, it is noted here that the two first receiving antennas 22 are each
superimposed on or overlap the respective first transmitting antennas 44, so that power
can be wirelessly transferred to the battery packs 20, e.g., using resonant inductive
coupling or another technique that employs near field wireless transmission of energy.

Fig. 3A shows a top view of a first representative base station 60 configured to
supply power to the storage case 40, i.e. ultimately to the first transmitting antennas 44
and to the second transmitting antenna 48, if provided, of the storage case 40. The base
station 60 includes a power cord 62 and plug 64 configured or adapted to be inserted
into an AC power source (e.g., an alternating current at 100-240 volts). The base
station 60 also includes a second transmitting antenna 48. The second transmitting
antenna 48 of the base station 60 and the second transmitting antenna 48 of the storage
case 40 may have a same shape and specification. The base station 60 also includes a

circuit 66 for driving the second transmitting antenna 48 of the base station 60 using
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the AC power supplied thereby, as is well known in the art.

Figs. 3B and 3C show side or front views of the base station 60 in an optional em-
bodiment, in which the base station 60 is foldable for convenient storage. Further, Figs.
3B and 3C indicate that the electronics (e.g., the second transmitting antenna 48 and
circuit 66) for the base station 60 may be arranged in a relatively thin and/or planar
manner to minimize space requirements.

In addition or in the alternative, the base station 60 may include a plug 72 adapted or
configured to be inserted into the DC power supply of a vehicle as shown in Fig. 6 and
a circuit for driving the second transmitting antenna 48 using the DC power supplied
thereby.

In addition or in the alternative, the storage case 40 may be hard-wired to an ap-
propriate AC and/or DC power supply and may include the necessary circuitry for
driving the first transmitting antenna 44 and /or the second transmitting antenna 48
using the power supplied thereby. In such an embodiment, the storage case 40 may op-
tionally be further designed to remain stationary, e.g., near an assembly line.

In addition or in the alternative, as shown in Fig. 4, the base station 60 may op-
tionally include a power cord 62 and plug 68 configured or adapted to be inserted into
a DC power source 70, such as a battery pack, and may further include the necessary
circuitry 66a for driving the second transmitting antenna 48 using the DC power
supplied thereby. This embodiment provides the advantage that the base station 60 and
the storage case 40 can be powered and can recharge the battery packs 20 in any cir-
cumstance, because neither an AC power source nor an external DC power source,
e.g., generated by a vehicle, is necessary. Such a base station 60 enables continuous
operation of the power tool 10, e.g., at a remote worksite without the need to operate a
stand-alone generator.

Referring now to Fig. 5, a plurality of storage cases 40 is shown in a stacked ar-
rangement for charging and optionally also transportation. The base station 60 has
been plugged into a commercial AC power source using the plug 64 and alternating
current is supplied to the base station 60 via power cord 62. The base station 60 drives
the second transmitting antenna 48 (shown in Fig. 3A) so as to generate a varying elec-
tromagnetic field and thereby supply power to the second receiving antenna 46 of the
lowermost storage case 40. Each storage case 40 utilizes a portion of the supplied
power to drive the first transmitting antenna(s) 44 disposed therein in order to charge
the battery pack(s) 20 accommodated in the storage case 40. Each storage case 40 may
also optionally utilize a portion of the supplied power to drive the second transmitting
antenna(s) 48 disposed therein in order to supply power to the next storage case 40
placed on the top surface (side) 47 thereof.

As aresult, this embodiment makes it possible to charge the battery packs 20 in a
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plurality of storage cases 40 utilizing a single base station 60, thereby minimizing
equipment costs in an advantageous manner.

Fig. 6 shows a useful modification of the embodiment of Fig. 5, in which a plug 72 is
provided that is configured to be connected to a DC power supply generated by a
vehicle 75. For example, the plug 72 may be configured to be inserted into a cigarette
lighter or other power source connector provided in or on the vehicle 75. A power cord
74 supplies the DC power to the base station 60 for driving the transmitting antennas
44, 48 of the stacked storage cases 40.

Fig. 7 shows another alternate embodiment of the base station 60 of the present
teachings. In this embodiment, a plurality of battery cells 76, e.g., high-capacity,
rechargeable battery cells, are disposed within the base station 60 and supply energy
for driving the second transmitting antenna 48 of the base station 60. Similar to the
previous embodiments, one or more storage cases 40 may be stacked or disposed on
the base station 60 of Fig. 7 so that the respective second receiving and transmitting
antennas 46, 48 are superimposed or overlap to permit the efficient transfer of power in
a wireless manner.

The base station 60 of Fig. 7 also includes a handle 78 so that it can be conveniently
carried, e.g., to a worksite, thereby eliminating the need for an AC power source or an
external DC power source at the worksite. The base station 60 itself may be recharged
according to any of the previously mentioned techniques, such as by plugging into a
commercial AC power source or into another AC or DC power source, such as a
generator of a vehicle or a portable generator.

As shown in Fig. 8, the self-powered base station 60 of Fig. 7 is portable and may be
transported by a vehicle 75. The base station 60 may wirelessly supply power to the
storage case(s) 40 while driving the vehicle 75 in order to recharge the battery packs
20 in a productive manner.

Referring now to Figs. 9 and 10, representative circuits for implementing the above-
described embodiments will be described. Each of these embodiments is based upon
induction charging techniques, in which a transmitting induction coil generates an al-
ternating electromagnetic field from within the base station 60 or the storage case 40,
and a receiving induction coil disposed in the battery pack 20 or the storage case 40
takes power from the varying electromagnetic field and converts it back into an electric
current to charge the battery pack(s) 20 (via the first transmitting antenna 44) and/or to
drive the second receiving antenna 46 of another storage case (via the second
transmitting antenna 48). When disposed in proximity to each other, e.g., parallel to
each other, the first set of transmitting and receiving induction coils 44, 22 and the
second set of transmitting and receiving induction coils 48, 46 cooperate according to

the principles of an electronic transformer, i.e. the magnetic flux supplied by the
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transmitting antenna 44, 48 causes a voltage to be generated in the receiving antenna
22, 46, which results in a current flow when the receiving antenna 22, 46 is connected
to a load.

In preferred embodiments, resonant inductive coupling techniques are utilized in
order to permit greater distances between the transmitting and receiving antenna (coils)
without loss of power. In further preferred embodiments, the wireless transfer of power
is performed according to the Qi standard as defined by the Wireless Power
Consortium (WPC).

Fig. 9 illustrates a first representative system 1 that utilizes an AC power source 80 to
supply the power for driving the electronics and charging the battery packs 20.

More particularly, the base station 60 includes a power cord 62 that is connectable to
the AC power source 80. A fuse 82 may be provided to protect the circuitry from
damaging power surcharges. An AC/DC converter 84 converts the alternating current
into a direct current as is well known in the art.

A circuit 86 is provided for measuring the amount of power that is being transmitted
between the second transmitting antenna 48 of the base station 60 and the second
receiving antenna 46 of the storage case 40, which are preferably induction coils in the
present embodiment. The power measuring circuit 86 is electrically connected to the
switching circuit 88. The switching circuit 88 is turned-off (opened) when the amount
of power being transmitted between the second transmitting antenna 48 and the second
receiving antenna 46 exceeds a predetermined rated or threshold value. The switching
circuit 88 is also turned-off (opened) when the corresponding second receiving antenna
46 is not disposed proximal to the second transmitting antenna 48. In order to detect
whether the second receiving antenna 46 is disposed proximal to the second
transmitting antenna 48, a pair of sensing devices 32, 34 may be provided, as will be
further described below.

A circuit 90 generates high-frequency power for wireless transmission by resonant
inductive coupling. The high-frequency power generated by the circuit 90 is supplied
to the second transmitting antenna (induction coil) 48. Thus, the induction coil 48 is
capable of generating a magnetic flux.

The storage case 40 includes the second receiving antenna 46, which is also
preferably an induction coil in the present embodiment. The two coils 46, 48 are each
capacitively loaded so as to form a tuned LC circuit. If the transmitting coil (primary
coil) 48 and the receiving coil (secondary coil) 46 resonate at a common frequency,
power may be transmitted between the coils relatively efficiently. Each coil 46, 48 may
be air cored to avoid losses associated with iron cores.

Resonant transfer works by applying an oscillating current to the primary coil 48,

thereby generating an oscillating or varying electromagnetic field (magnetic flux). If
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the secondary coil 46 is highly resonant, any energy placed in the coil 46 dissipates
relatively slowly over many cycles. When the secondary coil 46 is disposed proximal
to the primary coil 48, the secondary coil 46 absorbs or receives most of the energy
before it is lost.

[0096]  The oscillating alternating current generated by the secondary coil 46 is converted
into a positive voltage supply Vce 94 by circuit 92 as is well known in the art, e.g.,
using a rectifier and a filter to provide a smoothed DC output. The positive voltage
supply Vcc is then used by circuit 100 to generate high-frequency power for wireless
transmission by resonant inductive coupling. The high-frequency power generated by
the circuit 100 is supplied to the second transmitting antenna (induction coil) 48. The
induction coil 48 wirelessly transmits power to the second receiving antenna 46 of
another storage case 40. The high-frequency power generated by the circuit 100 is
supplied to the second transmitting antenna (induction coil) 48. Thus, the induction
coil 48 is capable of generating a magnetic flux. The circuit 100 preferably generates
high-frequency power for wireless transmission by resonant inductive coupling.

[0097]  The power measuring circuit 96 is electrically connected to the switching circuit 98.
The switching circuit 98 is turned-off (opened) when the amount of power being
transmitted between the second transmitting antenna 48 of the storage case 40 and the
second receiving antenna 46 of another storage case 40 exceeds a predetermined rated
or threshold value. The switching circuit 98 is also turned-off (opened) when the corre-
sponding second receiving antenna 46 is not disposed proximal to the second
transmitting antenna 48.

[0098]  The positive voltage supply Vcc is also utilized to drive a circuit 30 and the first
transmitting antenna (primary induction coil) 44 in order to recharge the battery pack
20. More specifically, the circuit 30 generates high-frequency power for wireless
transmission by resonant inductive coupling. The high-frequency power generated by
the circuit 30 is supplied to the first transmitting antenna (primary induction coil) 44.
The induction coil 44 wirelessly transmits power to the first receiving antenna 22
within the battery pack 20.

[0099] A switching circuit 28 is turned-off (opened) when a corresponding receiving
antenna 22 of the battery pack 20 is not disposed proximal to the first transmitting
antenna 44. The switching circuit 98 is also turned-oftf (opened) when the amount of
power being transmitted between the first transmitting antenna 44 and the first
receiving antenna 22 exceeds a predetermined rated or threshold value.

[0100]  The circuit 30 generates high-frequency power for wireless transmission by resonant
inductive coupling. The high-frequency power generated by the circuit 30 is supplied
to the first transmitting antenna (induction coil) 44. Thus, the primary induction coil 44

is capable of generating a magnetic flux and the secondary induction coil (receiving
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antenna) 22 receives the power wirelessly.

[0101]  Each of the power measuring circuits 86, 96, 26 preferably includes a comparator
configured to compare a measured voltage to a reference voltage. Each of the
switching circuits 88, 98, 28 preferably includes a switch, e.g., a FET, that is opened
and closed based, at least in part, upon the output of the comparator. The switching
circuit 88 permits an appropriate amount of current to pass to the primary induction
coils 48 through the circuit 90. The switching circuit 98 permits an appropriate amount
of current to pass to the primary induction coils 48 through the circuit 100. The
switching circuit 28 permits an appropriate amount of current to pass to the primary
induction coils 44 through the circuit 30.

[0102]  The first receiving antenna (secondary induction coil) 22 of the battery pack 20
absorbs the power transmitted via the oscillating electromagnetic field and supplies the
resulting oscillating current to a charging controller 25 disposed in the battery pack 20.
The charging controller 25 then charges the battery cell(s) 24 using the supplied
current according to any charging protocol or program that is suitable for the battery
cell(s) 24. The present teachings are not particularly limited in this respect.

[0103]  In order to minimize power losses, the battery pack 20 and the storage case 40
preferably include a proximity sensing device that actuates the wireless power
transmission circuitry only when the secondary coil 22 of the battery pack 20 is
disposed proximal to the primary coil 44 of the storage case 40, i.e. sufficiently close
that the wireless transmission of power can be effected in an efficient manner.

[0104]  In the present embodiment, the battery pack 20 may further include a magnet 32,
e.g., a permanent magnet, disposed in, on or proximal or to the bottom surface (side)
21 of the battery pack 20 and the storage case 40 may include a sensing device 34
configured or adapted to detect the magnetic field generated by the magnet 32. The
magnetic field detecting device 34 may be, e.g., a reed switch or a Hall sensor. When
the magnetic field detecting device 34 is actuated due to the close proximity of the
magnet 32, the switching circuit 28 is turned-on (closed), and the wireless power
transmitting circuitry is caused to begin operating, thereby initiating the charging of
the battery cell(s) 24.

[0105]  However, the present teachings are not limited to proximity sensors that operate
based upon magnetic fields. Various other types of proximity sensors may be
employed with the present teachings, such as physical contact switches (e.g., push
button switches), pressure or weight sensors configured or adapted to detect when the
battery pack has been placed onto the bottom surface 45 of the storage case 40,
electrical resistance or capacitive sensors that detect another circuit element being elec-
trically connected thereto, radio frequency identification (RFID) devices, optical

sensors, etc.



WO 2013/014878 PCT/JP2012/004550

[0106]

[0107]

[0108]

[0109]

16

For example, in another preferred embodiment, one or both of the battery pack 20
and the storage case 40 may include an RFID interrogator and one or both of the
battery pack 20 and the storage case 40 may include an RFID tag. When the battery
pack 20 is brought into proximity with the storage case 40, the RFID interrogator
detects the presence of the RFID tag and may initiate the supply of power and the
charging operation. The RFID tag may be active, passive or battery-assisted passive. If
the RFID tag is located in the battery pack 20, the RFID tag may also store in-
formation, such as the type of battery cells in the battery pack, the usage history of the
battery pack and/or the charge state of the battery cells, which information can be read
by the RFID interrogator located in the storage case 40. In this case, such information
may be utilized to adjust or optimize the charging protocol, if necessary.

In addition, the base station 60 and storage case 40 also may optionally include a
proximity sensing circuit to detect when the secondary coil 46 of the storage case 40
has been brought into proximity with the primary coil 48 of the base station 60. For
example, the storage case 40 may include a permanent magnet 32 disposed on or
adjacent its bottom surface (side) 45 and the base station 60 may include a reed switch
or Hall sensor 34 disposed in, on or adjacent to its top surface (side) 61. The proximity
sensing circuit of the base station 60 then preferably closes the switching circuit 88,
and actuates the wireless power transmission circuitry of the base station 60 when the
proximity sensor detects the close presence or proximity of the storage case 40. Again,
any type of suitable proximity sensing means may be utilized in this aspect of the
present teachings, such as was further described above.

Naturally, each storage case 40 may include additional proximity sensing means
configured or adapted to detect when a second storage case 40 has been disposed on
top of a first storage case 40 so as to actuate the wireless power transmission circuitry
100 of the first storage case 40 and thereby supply energy to the secondary coil 46 of
the second storage case 40. Again, any type of suitable proximity sensing means may
be utilized in this aspect of the present teachings, such as was further described above.
For example, each storage case 40 may include a reed switch or Hall sensor disposed
in, on or adjacent its top surface (side) 47 that is configured to detect the presence of a
magnet disposed on or adjacent the bottom surface 45 of the storage case 40 that is
stacked thereon.

For example, in another preferred embodiment, one or both of the base station 60 and
the storage case 40 may include an RFID interrogator and one or both of the base
station 60 and the storage case 40 may include an RFID tag. When the storage case 40
is brought into proximity with the base station 60, the RFID interrogator detects the
presence of the RFID tag and may initiate the supply of power from the base station 60

to the storage case 40. The RFID tag may be active, passive or battery-assisted passive.
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If the RFID tag is located in the storage case 40, the RFID tag may also store in-
formation, such as the type of battery cells in the battery pack(s) 20 stored in the
storage case 40, the usage history of the battery pack(s) 20 and/or the charge state of
the battery pack(s) 20, which information can be read by the RFID interrogator located
in the base station 60. In this case, such information may be utilized to adjust or
optimize the power transmission protocol, if necessary.

Fig. 10 shows a representative internal circuit diagram for implementing the portable
base station 60 and the storage case 40 shown in Fig. 7. In this embodiment, a plurality
of high-capacity battery cells 76 supply a direct current to a DC voltage regulator 102,
which converts the supplied voltage/current into a voltage/current that is appropriate
for driving the wireless power transmission circuitry 86, 88, 90, which may operate in
an identical manner, at least in principle, to the wireless power transmission circuitry
86, 88, 90 shown in Fig. 9. Therefore, it is not necessary to repeat the description of the
wireless power transmission circuitry 86, 88, 90 herein.

A battery monitor 104 may be provided to sense when the energy of the battery cells
76 has been depleted and to stop the supply of current from the battery cells 76 to the
DC voltage regulator 102, e.g., by opening switch 106, so as to avoid over-discharging,
and thus damaging, the battery cells 76.

The electronics of the storage case 40 of the embodiment shown in Fig. 10 may be
identical to the electronics of the storage case 40 of the embodiment shown in Fig. 9
and therefore, a description thereof need not be repeated.

All of the foregoing embodiments operate based upon the principle that power is
transmitted wirelessly from the base station 60 to the storage case 40 and between two
adjacent storage cases 40. However, in addition or in the alternative to such em-
bodiments, the base station 60 and the storage case 40 may also (or instead) have the
capability of transmitting power via a wired or direct connection. That is, the base
station 60 may include one or both of wireless and wired power transmitting structures
and circuitry and the storage cases 40 may also include one or both of wireless and
wired power transmitting (and/or receiving) structures.

Figs. 11-14 show representative embodiments of the base station 60 and storage
case(s) 40 having wired or direct electrical contacts for transmitting or conducting
electric power therebetween.

Referring first to Fig. 11, the base station 60 includes a power cord 62 having a plug
64 configured to connect to an AC power supply. Two male electrical contacts 110 are
disposed on the top surface (side) 61 of the base station 60 in locations that physically
or spatially correspond to two complementary female electrical contacts 120 disposed
on the bottom surface (side) 45 of the storage case 40.

While a single set of one male contact 110 and one female contact 120 may be
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provided on the surfaces of the base station 60 and storage case 40, two or more sets
may be provided to ensure the two structures (i.e. the base station 60 and storage case
40 or two storage cases 40) are superimposed in the proper orientation for efficiently
performing power-transmission and charging operations. Of course, the arrangement of
the electrical contacts may be reversed, such that the male electrical contact(s) is(are)
disposed on the bottom surface (side) 45 of the storage case 40 and the female
electrical contact(s) is(are) disposed on the top surface (side) 61 of the base station 60.
Furthermore, the electrical contacts 110, 120 may be physically located in any ap-
propriate location that is consistent with the present teachings.

As shown in Fig. 12, electrical contacts 110 (e.g., male electrical contacts) may also
be provided on the top surface (side) 47 of the storage case 40 so as to engage corre-
sponding or complementary electrical contacts 120 (e.g., female electrical contacts)
disposed on the bottom surface (side) 45 of the storage case 40 stacked thereon.

Fig. 13 shows a modified embodiment corresponding generally to the embodiment of
Figs. 7 and 10, in which electrical contacts 110 are provided on the top surface (side)
61 of a base station 60 that includes a plurality of high-capacity battery cells 76, i.e. a
self-contained power supply. Direct or wired electrical connections may be ad-
vantageous in such embodiments of the base station 60 that include a self-contained
power supply (e.g., battery cells 76) in order to minimize power transmission losses.

Figs. 14A and 14B show the representative male and female electrical contacts 110,
120, respectively, in an enlarged view. In the present embodiment, the male electrical
contact 110 is designed to be entirely complementary to the female electrical contact
120 to ensure a reliable fitting of the storage case 40 with the base station 60 (or
another storage case 40). For example, by utilizing polygonal shapes, the electrical
contacts 110, 120 can prevent the upper storage case 40 from rotating and/or laterally
displacing relative to the lower base station 60 (or lower storage case 40), thereby
ensuring that the electrical connection is reliably maintained during transport of the
structures, e.g., in a vehicle. By reliably maintaining the electrical connection, it is
ensured that charging of the battery pack(s) 20 can be adequately performed during
transport, thereby improving productivity because the battery packs can be charged
while moving to/from the worksite.

Naturally, other interlocking shapes, such as semi circles, ovals, etc. that prevent
relative rotation and/or lateral displacement may also be advantageously utilized in the
electrical contacts of the present teachings.

Referring now to Fig. 14A, the exemplary male electrical contact 110 includes a
rectangular-shaped protrusion 112 disposed generally in the middle. The protrusion
112 is surrounded by a rectangular-shaped recess 114, which is in turn surrounded by a

rectangular-shaped wall 116. An electrode 118 for conducting current may be disposed
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on the top and/or lateral side(s) of the protrusion 112. The wall 116 preferably
surrounds the electrode 118 so as to prevent short circuits.

The complementary female electrical contact 120 shown in Fig. 14B includes a
rectangular-shaped depression 122 defined in the middle and surrounded by a
rectangular-shaped ridge 124. A rectangular-shaped groove 126 is defined around the
rectangular-shaped ridge 124. An electrode 128 may be disposed on the surface of the
depression 122 and/or on the inner lateral side(s) of the rectangular-shaped ridge 124.

As will be apparent, the protrusion 112 fits in the depression 122 in an interlocking,
interference or form-fit manner, the rectangular-shaped ridge 124 fits in the recess 114
in an interlocking, interference or form-fit manner and the wall 116 fits in the groove
126 in an interlocking, interference or form-fit manner. The electrode 118 of the male
electrical contact 110 is disposed so as to physically contact the electrode 128 of the
female electrical contact 120 when the two electrical contacts 110, 120 are brought into
engagement.

Fig. 15 shows an internal circuit diagram of the base station 60 and storage case(s) 40
that utilize direct electrical contacts 110, 120. In this exemplary embodiment, the
circuit 90 and the primary coil 48 shown in Fig. 9 may be omitted from the base station
60. Similarly, the secondary coil 46 and the circuit 92 shown in Fig. 9 may be omitted
from the storage case 40. Furthermore, the circuit 100 and the primary coil 48 shown
in Fig. 9 may be omitted from the storage case 40. Thus, instead of wireless
transmission of power from the base station 60 to the storage case 40 and then from the
storage case 40 to another storage case 40, direct connections provided by the electrical
contacts 110, 120 may be utilized. Furthermore, the pair of sensing devices 32, 34 also
may be omitted, although the base station 60 and/or the storage case 40 preferably
includes a circuit configured to detect that the respective electrical contacts 110, 120
have been connected in order to initiate the supply of current from the base station 60
to the storage case 40 and/or from one storage case 40 to another storage case 40. For
example, an electrical resistance or capacitance sensor may optionally be utilized,
although naturally any of the other sensing means described above or below may be
utilized in this embodiment as well.

Although power is supplied to the storage case(s) 40 via a direct connection in the
present exemplary embodiment, the wireless charging of the battery pack 20 may be
performed in any of the manners described above or below, which description is in-
corporated into this exemplary embodiment by reference.

Various modifications may be made to the above-described teachings without
departing from the scope or spirit of the present invention.

For example, in addition or in the alternative to the second receiving antenna 46,

power may be supplied to the storage case 40 via a variety of other power sources, e.g.,
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via a wired connection to one or more other power sources.

In one optional embodiment shown in Fig. 16, the storage case 40 may include a
power cord 150 and a plug 152 configured or adapted to be inserted into an AC power
source (e.g., an alternating current at 100-240 volts) and a corresponding circuit for
driving the first transmitting antenna(s) 44 (as well as the optional second transmitting
antenna 48, if provided) using the AC power supplied thereby.

In addition or in the alternative, as shown in Fig. 17, the storage case 40 may include
a power cord 150 and a plug 154 configured or adapted to be inserted into the DC
power supply of a vehicle and a corresponding circuit for driving the first transmitting
antenna(s) 44 (as well as the optional second transmitting antenna 48, if provided)
using the DC power supplied thereby.

In addition or in the alternative, as shown in Fig. 18, the storage case 40 may include
a plurality of high-capacity battery cells 156 and may include the necessary circuitry
for driving the first transmitting antenna(s) 44 (as well as the optional second
transmitting antenna 48, if provided) using the power supplied thereby. This em-
bodiment provides the advantage that, even if no base station 60 or external power
source is available, the battery pack(s) 20 can be recharged by placing the battery
pack(s) 20 in the corresponding compartments 41, 42 of the storage case 40. The
battery cells 156 preferably store sufficient energy to recharge the battery pack(s) 20
once or several times, preferably at least five times, more preferably at least ten times.

In addition or in the alternative, as shown in Figs. 19A and 19B, the charger 38 may
include one or more battery cells 52 for storing sufficient energy to recharge the
battery pack(s) 20 once or several times without being electrically connected to another
AC or DC power supply. The battery cell(s) 52 preferably store(s) sufficient energy to
recharge the battery pack(s) 20 more than five times and even more preferably more
than ten times. The battery cell(s) 52 may utilize a different battery chemistry and/or
capacity than the battery cell(s) 24 of the battery pack 20, because the charger 38 may
be configured to output lower currents than the power tool 10 may require during
operation (i.e. the battery packs 20 are generally required to be capable of outputting a
larger current than the charger 38). Therefore, the battery cell(s) 52 may have a higher
charge storage density than the battery cell(s) 24, thereby reducing weight re-
quirements for the charger 38 and/or enabling a greater amount of energy to be stored
in the charger 38 for charging purposes.

The charger 38 may also include a power receiving antenna (secondary induction
coil) 50 that enables the battery cell(s) 52 to be recharged wirelessly. For this purpose,
the charger 38 may include a circuit 51 for converting power received via the power
receiving antenna 50 into a direct current (DC) and a circuit 53 configured to control

the charging operation of the internal battery cell(s) 50 and/or the battery pack 20. The
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battery cells 52 in the charger 38 may be recharged via another power transmitting
antenna 44 disposed in, on or adjacent to a wall of the third compartment 43, or may be
recharged via a wired (direct) electrical connection to the base station 60 or another
storage case 40. Similar to the above-described second compartment 42, the power
transmitting antenna 44 is preferably disposed within the third compartment 43 so that
it will be proximal, e.g., parallel, to the power receiving antenna 50 when the charger
38 is disposed in the third compartment 43. Thus, the teachings provided above
concerning the first and second compartments 41, such as the preferred orientations of
the antenna 44, 50 as well as any guides, walls or restrictions in the third compartment
43 that will require the charger 38 to be inserted into the third compartment 43 in a
particular orientation, are equally applicable to the third compartment 43 and are in-
corporated herein by reference.

The charger 38 and the storage 40 may optionally also include a pair of devices 32,
34 configured or adapted to detect the proximity of the power receiving antenna 50 to
the corresponding power transmitting antenna 44 disposed in the storage case 40 in
order to initiate the wireless transmission of power from the storage case 40 (i.e. from
power transmitting antenna 44) to the charger 38 (i.e. to the power receiving antenna
50). Any of the proximity sensing devices mentioned above or below may be utilized
in this exemplary embodiment as well, and the description thereof is incorporated into
this embodiment by reference.

Similarly, the antennae 44, 50 of the third compartment 43 and charger 38, re-
spectively, may also each comprise an induction coil and the power may be transmitted
via induction coupling, more preferably resonant induction coupling, as was described
in greater detail above. All of these teachings provided herein concerning the wireless
transmission of power are equally applicable to the present exemplary embodiment and
are incorporated into the present exemplary embodiment.

In all other respects, the battery pack 20, storage case 40 and base station 60 may be
configured and/or may operate in any of the manners described above or below in the
other exemplary embodiments, which description is fully applicable to the present
exemplary embodiment and is incorporated herein.

In another aspect of the present teachings, the exemplary storage case 40 may be
further modified to hold and recharge a plurality of battery packs 20 as shown in Fig.
20. The storage case (or tray) 140 shown in Fig. 20 includes a plurality of first com-
partments 41, each configured to accommodate a single battery pack 20 in a particular
orientation, e.g., with the bottom surface (side) 21 of the battery pack 20 facing
downward so that the first receiving antenna 22 of the battery pack 20 is proximal to
the first transmitting antenna 44 disposed in, on or adjacent to the bottom surface (side)

of the first compartment 41.
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Each battery pack 20 and first compartment 41 also preferably includes one or more
proximity sensing devices, as was discussed in greater detail above with respect to Fig.
9. Again, any type of suitable proximity sensing means may be utilized in this aspect
of the present teachings, such as magnetic sensors, pressure or weight sensors, physical
contact (mechanical) sensors, optical sensors, RFID devices, electric sensors, etc., as
long as it can detect when a battery pack 20 has been placed into the first compartment
41 so as to initiate the charging operation.

Power may be supplied to the storage case 140 in any of the ways that were
described above.

For example, power may be supplied via a plug 64 and power cord 62 configured or
adapted to be connected to an AC power supply, or via a connection to a DC power
supply, such as the DC power supply of a vehicle. Of course, a second receiving
antenna (induction coil) 46 may be provided in the same manner as was described
above with respect to Figs. 1 and 9. An optional second transmitting antenna
(induction coil) 48 also may be provided in the same manner as was described above
with respect to Figs. 1 and 9, so that the storage cases 140 may be stacked and power
may be transmitted wirelessly from a lower storage case 140 to a storage case 140
stacked thereon. In the alternative, electrical contacts may be provided on the upper
and lower surfaces of the storage cases 140 in the manner described above with respect
to Figs. 11-14 so that power can be transmitted via direct (wired) contact from a lower
storage case 140 to a storage case 140 stacked thereon. In each case, appropriate
charging controller circuitry 25 is preferably provided in each storage case 140 in order
to supply the necessary oscillating current to the respective induction coils 46 for
charging the battery packs 20.

Furthermore, while the foregoing embodiments provided battery packs that are
recharged using wirelessly transmitted power using power supplied by either a wired
or wireless connection, the present teachings are also applicable to the recharging of
battery packs via a wired connection using power supplied by wireless transmission, as
will be described below with reference to Figs. 21 and 22.

In this embodiment, the storage case 40 receives power wirelessly from a base station
60 or another storage case 40, as was described above. Therefore, all of the teachings
provided above concerning wireless transmission of power from the base station 60 to
the storage case 40 and/or from a first storage case 40 to a second storage case 60 are
equally applicable to the present exemplary embodiment and are thus incorporated into
this embodiment by reference, such that a repetitive description of the wireless
charging circuitry and functions may be omitted.

However, the present exemplary embodiment differs from the above-described em-

bodiments in that the battery pack 20 physically engages a charging cradle 41a, 41b,
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41c, 41d disposed in the first compartment 41 and the charging current is supplied to
the battery pack 20 via a wired or direct connection. In this embodiment, the charging
cradle 41a, 41b, 41c, 41d may be configured to physically engage with and electrically
connect to the battery terminals 36 provided on the battery pack 20, which are
normally used to electrically connect the battery pack 20 to the power tool 10 or to a
charger 38 having charging terminals. Thus, in this embodiment, charging of the
battery pack 20 can be performed according to known wired charging techniques in
which a charging current is supplied to the battery cell(s) 24 via the direct connection
established by the battery terminals 36 and the charging cradle 41a, 41b, 41c, 41d
disposed in the first compartment 41.

Naturally, it is also possible to provide two sets of battery terminals on the battery
pack 20. In this case, the first set of battery terminals is dedicated to connecting and
supplying power to the power tool 10 and the second set of battery terminals 36 is
dedicated to being connected to the charging cradle 41a, 41b, 41c¢, 41d and/or to a
charging cradle on a charger 38.

The battery pack 20 may include a charging controller 25a configured or adapted to
control the battery charging operation or a charging controller may be provided in the
storage case 40 in order to generate the appropriate charging current(s) to be supplied
to the battery cell(s) 24.

In all other respects, the battery pack 20, storage case 40 and base station 60 may be
configured and/or may operate in any of the manners described above or below in the
other exemplary embodiments, which description is fully applicable to the present
exemplary embodiment and is incorporated herein.

In another aspect of the present teachings, the battery pack 20 itself is not required to
include or contain (internally) the means for receiving wireless-transmitted power.
Instead, as shown in Figs. 23 and 24, an adapter 170 may be provided that includes,
e.g., at least the first receiving antenna (e.g., an induction coil) 22 and a controller 25
configured to generate a current, e.g., a direct current (DC), from the power absorbed
by the first receiving antenna 22. The adapter 170 may simply supply such current to
the battery pack 20, in which case the controller 25a in the battery pack 20 is
preferably configured to generate an appropriate charging current for charging the
battery cell(s) 24 therefrom, or the controller 25 may be further adapted to generate the
appropriate charging current for charging the battery cell(s) 24 of the battery pack 20.

In such an embodiment, the adapter 170 may be connected to a known battery pack
and then the combined adapter/battery pack 170, 20 is placed together into the storage
case 40, which may be any of the storage cases 40 described above or below, all of
which are incorporated into the present exemplary embodiment. The electromagnetic

field (magnetic flux) generated by the first transmitting antenna 44 thus induces a
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current in the first receiving antenna 22 disposed in the adapter 170, which current is
ultimately utilized to recharge the battery cell(s) 24 in the battery pack 20.

The configuration of the adapter 170 is not particularly limited in this aspect of the
present teachings. For example, in the exemplary embodiment shown in Fig. 23, the
adapter 170 may have a cavity 171 configured to at least partially receive and/or ac-
commodate the battery pack 20 therein. The upper wall 172 of the cavity 171 may have
the same or substantially the same shape (contour) as the battery holder 18 of the
power tool 10, as was described above. In this case, when the battery pack 20 is
inserted into the cavity 171, the adapter 170 and the battery pack 20 will be physically
and electrically connected in the same manner as known connections between a battery
pack and a power tool, such as battery terminals 36 on the battery pack 20 and power
terminals 174 on the adapter 170.

A top side or surface 173 of the adapter 170 may have the same or substantially the
same shape or configuration as the battery pack 20. In this case, the adapter 170 can be
mounted directly onto the battery holder 18 of the power tool 10. That is, the user has
the option of mounting the combined battery pack 20 and adapter 170 on the battery
holder 18 of the power tool 10 or the user can remove the adapter 170 when not needed
for charging purposes in order to directly mount the battery pack 20 on the battery
holder 18 of the power tool 10 (i.e without an intervening adapter 170).

Thus, in this exemplary embodiment, the adapter 170 includes battery terminals and
a controller communication port so that power and controller signals can be com-
municated from the battery pack 20 to the power tool 10 via the adapter 170. However,
the adapter 170 is not required to include a power tool mounting portion and instead
may be provided only to temporarily attach to the battery pack 20 so that the battery
cell(s) 24 can be recharged using power wirelessly transmitted from the storage case
40 or another source, such as a charging base station.

In addition or in the alternative, as shown in Figs. 25A, 25B and 26, the adapter 170
may be affixed (detachably or permanently) to the bottom surface (or a side surface, as
appropriate) of the battery pack 20. In this case, the battery pack 20 preferably includes
a second set of battery terminals 37 on its bottom surface. These battery terminals 37
are different than the battery terminals 36 that are configured to electrically connect to
the power tool 10. Thus, the second set of battery terminals 37 is dedicated for the
function of receiving a current from the adapter 170 in order to recharge the battery
cell(s) 24, as was discussed above. As shown in Fig. 26, similar to the embodiment of
Figs. 23 and 24, a power transmitting circuit may be established via antennae 22, 44
when the combined adapter/battery pack 170, 20 is placed together into the storage
case 40, e.g., into the first compartment 41 thereof.

In all other respects, the battery pack 20, storage case 40, base station 60 and adapter
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170 may be configured and/or may operate in any of the manners described above or
below in the other exemplary embodiments, which description is fully applicable to the
present exemplary embodiment and is incorporated herein.

While the exemplary embodiments of the present teachings have utilized resonant
inductive coupling or electrodynamic induction to wirelessly transmit power, other
types of near field wireless transmission of electrical energy may be utilized as ap-
propriate. The present teachings also are not limited in this respect and other possible
forms of wireless power transmission include, but are not limited to, electromagnetic
radiation, such as microwave or laser transmission or electrostatic induction.

Although it is presently preferred to utilize lithium-based battery cells 24 in the
battery packs 20 and/or in the self-contained power supplies 76, 156 of the storage case
40 or base station 60, in particular lithium ion battery cells, the present teachings are
not particularly limited in this regard and the battery cells may utilize any other
suitable battery chemistry, such as, e.g., lithium metal oxide, lithium polymer, nickel
metal hydride, nickel cadmium, lithium metal phosphate, lithium sulfur, solar cell or
fuel cell.

Although the storage cases 40, 140 are configured to be stacked on the base station
60 and/or one on top of another in the above-described detailed embodiments, other ar-
rangements are possible within the scope of the present teachings. For example, the
storage cases 40, 140 and/or base station 60 may be disposed laterally or side-by-side.
It is sufficient if the base station 60 and storage case(s) 40, 140 are disposed
proximally to each other so that power can be efficiently transmitted.

Further, as will be readily understood from the teachings above, an embodiment is
also disclosed, in which wired contacts 110, 120 are utilized to transfer power from a
base station 60 to a case 40 as well as from case 40 to case 40, similar to the em-
bodiment described with respect to Figs 11-14 above and incorporated herein, and also
wired contacts 41a-d are utilized to charge the battery pack(s) 20 stored in the case 40,
similar to the embodiment described with respect to Figs 21-22 above and incorporated
herein.

Thus, Figs. 27-29 show such an embodiment, which includes a base station 60 is
electrically connected to an AC power supply via a cord 62 and plug 64. The base
station 60 includes at least one (e.g., male) electrical contact 110 configured to supply
current to at least one (e.g., female) electrical contact 120 disposed on or in a surface
of a case 40 having a carrying handle 16.

Each case 40 also includes at least one (e.g., male) electrical contact 110 configured
to supply current to another case 40 when brought into contact therewith as shown in
Fig. 28. The one electrical contact 110 is preferably provided on one side of the case

40 and the other electrical contact 120 is preferably provided on the other side of the
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case 40, so that multiple cases 40 may be stacked or disposed side-by-side. The
electrical contacts 110, 120 are detachably contactable so that current can be
transferred from case-to-case via the contacts 110, 120.

The base station 60 thus provides a common power source for supplying current
(power) to two or more cases 40.

In each case 40, at least one charging cradle (port) 41a-d is provided to charge a
battery pack 20 via a wired connection. Two or more charging cradles (ports) 41a-d
may be provided in one case 40 so that two or more battery packs 20 may be simul-
taneously charged.

Further embodiments disclosed herein include, but are not limited to:

1. A battery pack configured or adapted to be attached to, and drive, a power tool,
e.g., a hand-held power tool, the battery pack comprising:

at least one rechargeable battery cell,

means for receiving wirelessly-transmitted power, and

a circuit configured to convert wirelessly-transmitted power received by the
receiving means into a charging current and to supply the charging current to the at
least one rechargeable battery cell.

2. The battery pack according to embodiment 1, wherein the at least one rechargeable
battery cell comprises a plurality of series-connected battery cells configured or
adapted to output a nominal power of at least 300 Watts.

3. The battery pack according to embodiment 1, wherein the at least one rechargeable
battery cell comprises a plurality of series-connected battery cells configured or
adapted to output a nominal power of at least 600 Watts.

4. The battery pack according to any preceding embodiment further having a nominal
voltage greater than 10 volts.

5. The battery pack according to any preceding embodiment further having a nominal
voltage between 10-40 volts, e.g., between about 14 to 30 volts, e.g., between about 21
to 30 volts.

6. The battery pack according to any preceding embodiment, wherein the battery
pack comprises lithium-based battery cells, e.g., five to ten battery cells, e.g., lithium-
ion battery cells.

7. The battery pack according to embodiment 6, wherein the battery pack comprises
six to eight lithium-ion battery cells.

8. The battery pack according to any preceding embodiment, further having a
nominal output current equal to or greater than 10 amps.

9. The battery pack according to any preceding embodiment, further having a
nominal output current equal to or greater than 15 amps.

10. The battery pack according to any preceding embodiment, further having a
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nominal capacity of at least 0.5 amp-hour, e.g., equal to or more than 1.0 amp-hour,
e.g., equal to or greater than 2.0 amp-hour.

11. The battery pack according to any preceding embodiment, further comprising one
or more of:

battery terminals configured or adapted to be electrically connected to battery
terminals of the power tool,

a controller communication port,

engaging means, such as slide rails, for engaging the battery pack with a battery
holder of the power tool and/or

locking means, such as a user-operable latch, for detachably locking the battery pack
to the power tool.

12. The battery pack according to any preceding embodiment, wherein the means for
receiving wirelessly-transmitted power comprises an induction coil.

13. The battery pack according to any preceding embodiment, further comprising a
proximity sensing device disposed in or on the battery pack.

14. The battery pack according to embodiment 13, wherein the proximity sensing
device comprises a permanent magnet.

15. The battery pack according to embodiment 13, wherein the proximity sensing
device comprises an RFID device, e.g., an RFID tag and/or an RFID interrogator.

16. The battery pack according to any one of embodiments 13-15, wherein the
proximity sensing device is disposed in, on or adjacent to a bottom surface or side of
the battery pack.

17. The battery pack according to any preceding embodiment, wherein the means for
receiving wirelessly-transmitted power and the circuit configured to convert
wirelessly-transmitted power received by the receiving means into a charging current
and to supply the charging current to the at least one rechargeable battery cell are
disposed within a adapter detachably connected to the at least one battery cell.

18. The battery pack according to embodiment 17, wherein the adapter comprises:

first battery terminals configured or adapted to be electrically connected to battery
terminals of the power tool, and

second battery terminals configured or adapted to be electrically connected to battery
terminals of the at least one battery cell.

18a. The battery pack according to embodiment 17, wherein the adapter comprises:

battery terminals configured or adapted to be electrically connected to a first set of
terminals on the battery pack that are in electrical communication with the at least one
battery cell.

18b. The battery pack according to embodiment 18a, wherein the battery pack

comprises:
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a second set of battery terminals configured or adapted to be electrically connected to
battery terminals of the power tool.

19. The battery pack according to embodiment 17, 18, 18a or 18b wherein the
adapter further comprises the proximity sensing device.

20. An adapter configured to detachably connect to a battery pack comprising at least
one rechargeable battery cell, the adapter comprising:

means for receiving wirelessly-transmitted power, and

a circuit configured to convert wirelessly-transmitted power received by the
receiving means into a current, e.g., into a charging current, and to supply the current
to the at least one rechargeable battery cell.

21. The adapter according to embodiment 20, wherein the at least one rechargeable
battery cell comprises a plurality of series-connected battery cells configured or
adapted to output a nominal power of at least 300 Watts, the battery cells optionally
having a nominal voltage greater than 10 volts, e.g., between 10-40 volts, e.g., between
about 14 to 30 volts, e.g., between about 21 to 30 volts.

22. The adapter according to embodiment 20 or 21, wherein the adapter is configured
to conduct a nominal output current equal to or greater than 10 amps, and/or greater
than 15 amps.

23. The adapter according to embodiment 20, 21 or 22, further comprising one or
more of:

first battery terminals configured or adapted to be electrically connected to battery
terminals of the power tool,

second battery terminals configured or adapted to be electrically connected to battery
terminals of the battery pack,

a first controller communication port configured or adapted to be electrically
connected to a controller communication port of the power tool,

a second controller communication port configured or adapted to be electrically
connected to a controller communication port of the battery pack,

first engaging means, such as slide rails, for engaging the adapter with a battery
holder of the power tool,

second engaging means, such as slide rails, for engaging the adapter with the battery
pack and/or

locking means, such as a user-operable latch, for detachably locking the adapter to
the battery pack and/or to the power tool.

24. The adapter according to embodiment 20, 21 or 22, further comprising:

battery terminals configured or adapted to supply the current, e.g., the charging
current, to terminals on the battery pack in communication with the at least one

rechargeable battery cell, and
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means for physically engaging the adapter with the battery pack.

25. The adapter according to any one of embodiments 20-24, wherein the means for
receiving wirelessly-transmitted power comprises an induction coil.

26. The adapter according to any one of embodiments 20-25, further comprising a
proximity sensing device disposed in or on the battery pack, e.g., one or more of a
permanent magnet, an RFID tag and/or an RFID interrogator.

27. The adapter according to embodiment 26, wherein the proximity sensing device
is disposed in, on or adjacent to an outer surface of the adapter.

28. A power tool system or kit comprising:

a battery-powered tool, e.g., a hand-held power tool, configured to have a nominal
power output of at least 400 Watts, more preferably at least 500 Watts, even more
preferably at least 600 Watts and

the battery pack according to any one of embodiments 1-19 or the adapter according
to any one of embodiments 20-27.

29. The power tool system or kit according to embodiment 28, wherein the battery-
powered tool comprises a tool housing, an electric motor and transmission disposed
within the tool housing, a trigger configured to actuate the electric motor to drive the
transmission and a battery holder configured to detachably attach to the battery pack
and/or to the adapter.

30. A battery pack system comprising:

at least one battery pack configured or adapted to be detachably engaged with a
power tool, e.g., a hand-held power tool, the at least one battery pack comprising at
least one battery cell, at least one first means for receiving wirelessly transmitted
power and a circuit configured to charge the at least one battery cell using the
wirelessly transmitted power, and

a storage case configured to accommodate the at least one battery pack and
comprising at least one first means for wirelessly transmitting power to the at least one
first means for receiving wirelessly transmitted power of the at least one battery pack.

31. The battery pack system according to embodiment 30, further comprising:

a base station configured or adapted to supply power to the storage case when the
storage case is disposed proximal to the base station.

32. The battery pack system according to embodiment 31, wherein:

the base station comprises at least one second means for wirelessly transmitting
power, and

the storage case comprises at least one second means for receiving wirelessly
transmitted power from the at least one second means for wirelessly transmitting
power.

33. The battery pack system according to any one of embodiments 30-32, wherein
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the storage case further comprises:
at least one second means for wirelessly transmitting power to at least one second
means for receiving wirelessly transmitted power of an adjacent storage case.

34. The battery pack system according to any one of embodiments 31-33, wherein:

the base station comprises at least one first electrical contact for transmitting power
via a direct (wired) connection, and

the storage case comprises at least one second electrical contact for receiving power
via a direct (wired) connection with the base station, the at least one first electrical
contact being complementary to the at least one second electrical contact.

35. The battery pack system according to embodiment 34, wherein the first electrical
contact is one of a male connector and a female connector and the second electrical
contact is the other of the male and female connector.

36. The battery pack system according to embodiment 34 or 35, wherein the first
electrical contact engages with the second electrical contact in an interlocking, in-
terference or form-fit manner.

37. The battery pack system according to embodiment 34, 35 or 36, wherein the
storage case further comprises at least one third electrical contact for transmitting
power via a direct (wired) connection to the at least one second electrical contact of
another, adjacent storage case.

38. The battery pack system according to any one of embodiments 31-37, wherein:

the base station further comprises at least one self-contained power supply
configured to supply power to the storage case, wherein the at least one self-contained
power supply comprises one or more battery cells, fuel cells or solar cells, preferably
rechargeable lithium-based battery cells.

39. The battery pack system according to any one of embodiments 31-38, wherein:

the base station further comprises at least one power cord configured to be connected
to an external power supply, such as an AC power supply, e.g., a commercial AC
power supply, and/or to a DC power supply, e.g., the DC power supply of a vehicle.

40. The battery pack system according to any one of embodiments 30-39, wherein
the storage case comprises at least one first compartment configured to accommodate
only one battery pack detached from a power tool, the at least one first means for
wirelessly transmitting power being disposed in or on the first compartment, e.g., in,
on or adjacent to a bottom surface (side) of the first compartment.

41. The battery pack system according to embodiment 40, wherein the storage case
comprises a plurality of the first compartments configured to respectively ac-
commodate a plurality of battery packs, each first compartment comprising at least one
first means for wirelessly transmitting power to the battery pack accommodated

therein, e.g., in, on or adjacent to a bottom surface (side) of the first compartment.
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42. The battery pack system according to any one of embodiments 30-41, wherein
the storage case comprises at least one second compartment configured to ac-
commodate the battery pack while being attached to the power tool, the at least one
first means for wirelessly transmitting power being disposed in or on the second com-
partment, e.g., in, on or adjacent to a lateral surface of the second compartment.

43. The battery pack system according to any one of embodiments 30-42, wherein
the storage case further comprises at least one sensor configured or adapted to sense
the presence and/or absence of a battery pack disposed proximal to the at least one first
means for wirelessly transmitting power.

44. The battery pack system according to embodiment 43, wherein the at least one
sensor comprises one or more of:

a reed switch,

a Hall sensor,

an optical sensor,

a mechanical switch actuated by physical contact,

a pressure or weight sensor,

a radio frequency identification (RFID) device, e.g., an RFID interrogator, and/or

an electric resistance or capacitive sensor.

45. The battery pack system according to embodiment 43 or 44, wherein the at least
one battery pack further comprises a permanent magnet and/or an RFID tag and the
storage case comprises at least one sensor configured to detect the presence or absence
of the magnet, e.g., a reed switch or a Hall sensor, and/or the RFID tag, e.g., an RFID
interrogator.

46. The battery pack system according to any one of embodiments 30-45, wherein
each of the at least one first means for receiving wirelessly transmitted power and the
at least one first means for wirelessly transmitting power comprises an induction coil.

47. The battery pack system according to any one of embodiments 32-46, wherein
each of the at least one second means for receiving wirelessly transmitted power and
the at least one second means for wirelessly transmitting power comprises an induction
coil.

48. The battery pack system according to any one of embodiments 30-47, further
comprising a battery pack charger.

49. The battery pack system according to embodiment 48, wherein the battery pack
charger comprises a self-contained set of rechargeable battery cells and a circuit for
recharging the at least one battery cell of the at least one battery pack using power
supplied by the self-contained set of rechargeable battery cells.

50. The battery pack system according to embodiment 49, wherein the battery pack

charger further comprises a third means for receiving wirelessly transmitted power and
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a circuit for charging the self-contained set of rechargeable battery cells using power
supplied by the wirelessly transmitted power.

51. The battery pack system according to embodiment 50, wherein the storage case
further comprising a third means for wirelessly transmitting power to the third means
for receiving wirelessly transmitted power of the charger.

52. The battery pack system according to any one of embodiments 30-51, wherein
the storage case comprises a handle for carrying the storage case.

53. The battery pack system according to any one of embodiments 30-52, wherein
the battery pack comprises:

a first portion containing the at least one battery cell, and

a second portion containing the at least one first means for receiving wirelessly
transmitted power and the circuit configured to charge the at least one battery cell
using the wirelessly transmitted power.

54. The battery pack system according to embodiment 53, wherein the first portion is
detachably connected to the second portion.

55. The battery pack system according to embodiment 53 or 54, wherein the second
portion further comprises:

a first set of battery terminals configured or adapted to electrically connect with cor-
responding battery terminals of the first portion, and

a second set of battery terminals configured or adapted to electrically connect with
corresponding battery terminals of the power tool, the first set of battery terminals
being in electrical communication with the second set of battery terminals so as to
conduct power from the at least one battery cell to the power tool.

55. The battery pack system according to embodiment 53 or 54, wherein the battery
pack comprises:

a first set of terminals configured to connect to a set of terminals on the power tool to
supply power to the power tool and

a second set of terminals configured or adapted to connect to a set of battery
terminals on the adapter that are configured or adapted to supply current, e.g., a
charging current, to the battery pack.

57. The battery pack system according to any one of embodiments 30-56, wherein
the battery pack is the battery pack of any one of embodiments 1-19.

58. The battery pack system according to any one of embodiments 30-57, further
comprising the adapter of any one of embodiments 20-26.

59. The battery pack system according to any one of embodiments 30-58, further
comprising the hand-held power tool of embodiment 28 or 29.

60. A method for recharging a battery pack configured for use with a power tool,

e.g., a hand-held power tool, comprising:
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placing the battery pack into a compartment of a first storage case or tray,

generating an electromagnetic field in the compartment,

generating a charging current using power obtained from the electromagnetic field, and
charging at least one battery cell in the battery pack using the charging current.

61. The method according to embodiment 60, wherein the battery pack is first
detached from the power tool prior to placing the battery pack into the compartment.

62. The method according to embodiment 60, wherein the battery pack is attached to
the power tool and the compartment is sized to receive both the power tool and the
battery pack, such that the battery pack is charged while connected to the power tool.

63. The method according to any one of embodiments 60-62, wherein the electro-
magnetic field is generated upon receiving a signal from a proximity sensor indicating
that the battery pack has been placed in the compartment.

64. The method according to embodiment 63, wherein the proximity sensor
comprises one or more of:

a reed switch,

a Hall sensor,

an optical sensor,

a mechanical switch actuated by physical contact,

a pressure or weight sensor,

a radio frequency identification (RFID) device, e.g., an RFID interrogator, and/or

an electric resistance or capacitive sensor.

65. The method according to any one of embodiments 60-64, wherein power for
generating the electromagnetic field is provided by an AC power source.

66. The method according to any one of embodiments 60-64, wherein power for
generating the electromagnetic field is provided by a DC power source, e.g., a vehicle
battery system.

67. The method according to any one of embodiments 60-64, wherein power for
generating the electromagnetic field is provided by a self-contained power source
provided in, or connected to, the first storage case.

68. The method according to embodiment 67, wherein the self-contained power
source comprises at least one rechargeable battery cell.

69. The method according to any one of embodiments 60-68, further comprising:

disposing the first storage case proximal to a base station, e.g., on top of the base
station, and

transmitting power from the base station to the first storage case for recharging the
battery pack.

70. The method according to embodiment 69, wherein the power is transmitted

wirelessly from the base station to the first storage case.
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71. The method according to embodiment 69, wherein the power is transmitted via a
wired (direct) connection from the base station to the first storage case.

72. The method according to any one of embodiments 60-68, further comprising:

disposing a second storage case proximal to the first storage case, e.g., on top of the
first storage case, and

transmitting power from the first storage case to the second storage case for
recharging a battery pack stored in the second storage case.

73. The method according to embodiment 72, wherein the power is transmitted
wirelessly from the first storage case to the second storage case.

74. The method according to embodiment 72, wherein the power is transmitted via a
wired (direct) connection from the first storage case to the second storage case.

75. The method according to any one of embodiments 72-74, further comprising:

disposing a third storage case proximal to the second storage case, e.g., on top of the
second storage case, and

transmitting power from the second storage case to the third storage case for
recharging a battery pack stored in the third storage case.

76. The method according to embodiment 75, wherein the power is transmitted
wirelessly from the second storage case to the third storage case.

77. The method according to embodiment 75, wherein the power is transmitted via a
wired (direct) connection from the second storage case to the third storage case.

78. The method according to any one of embodiments 60-77, wherein the battery
pack is the battery pack of any one of embodiments 1-19.

79. The method according to any one of embodiments 60-77, wherein the battery
pack is connected to the adapter of any one of embodiments 20-26.

80. The method according to any one of embodiments 60-79, wherein the at least one
battery cell comprises a plurality of series-connected battery cells configured or
adapted to output a nominal power of at least 300 Watts.

81. The method according to any one of embodiments 60-79, wherein the at least one
battery cell comprises a plurality of series-connected battery cells configured or
adapted to output a nominal power of at least 600 Watts.

82. The method according to any one of embodiments 60-81, wherein the battery
pack has a nominal voltage greater than 10 volts.

83. The method according to any one of embodiments 60-82, wherein the battery
pack has a nominal voltage between 10-40 volts, e.g., between about 14 to 30 volts,
e.g., between about 21 to 30 volts.

84. The method according to any one of embodiments 60-83, wherein the battery
pack comprises lithium-based battery cells, e.g., five to fifteen battery cells, e.g.,

lithium-ion battery cells.
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85. The method according to embodiment 84, wherein the battery pack comprises six
to eight lithium-ion battery cells.

86. The method according to any one of embodiments 60-85, wherein the battery
pack has a nominal output current equal to or greater than 10 amps.

87. The method according to any one of embodiments 60-86, wherein the battery
pack has a nominal output current equal to or greater than 15 amps.

88. The method according to any one of embodiments 60-87, wherein the battery
pack has a nominal capacity of at least 0.5 amp-hour, e.g., equal to or more than 1.0
amp-hour, e.g., equal to or greater than 2.0 amp-hour.

89. A battery pack system comprising:

at least one battery pack configured or adapted to be detachably engaged with a
power tool, e.g., a hand-held power tool, the at least one battery pack comprising at
least one battery cell and battery terminals, and

a storage case configured to accommodate the at least one battery pack and
comprising charging terminals configured to directly contact the battery terminals, at
least one first means for receiving wirelessly transmitted power and a circuit
configured to convert the wirelessly received power into a charging current that is
supplied to the charging terminals.

90. The battery pack system according to embodiment 89, further comprising:

a base station configured or adapted to supply power to the storage case when the
storage case is disposed proximal to the base station.

91. The battery pack system according to embodiment 90, wherein:

the base station comprises at least one means for wirelessly transmitting power to the
at least one first means for receiving wirelessly transmitted power.

92. The battery pack system according to any one of embodiments 89-91, wherein
the storage case further comprises:

at least one second means for wirelessly transmitting power to at least one first
means for receiving wirelessly transmitted power of an adjacent storage case.

93. The battery pack system according to any one of embodiments 89-92, wherein:

the base station further comprises at least one self-contained power supply
configured to supply power to the storage case, wherein the at least one self-contained
power supply comprises one or more battery cells, preferably rechargeable lithium-
based battery cells.

94. The battery pack system according to any one of embodiments 89-93, wherein:

the base station further comprises at least one power cord configured to be connected
to an external power supply, such as an AC power supply, e.g., a commercial AC
power supply, and/or to a DC power supply, e.g., the DC power supply of a vehicle.

95. The battery pack system according to any one of embodiments 89-94, wherein
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the storage case and/or the base station further comprises at least one sensor configured
or adapted to sense the presence and/or absence of the base station disposed proximal
to the at least one first means for receiving wirelessly transmitted power.

96. The battery pack system according to embodiment 95, wherein the at least one
sensor comprises one or more of:

a reed switch,

a Hall sensor,

an optical sensor,

a mechanical switch actuated by physical contact,

a pressure or weight sensor,

a radio frequency identification (RFID) device, e.g., an RFID interrogator, and/or

an electric resistance or capacitive sensor.

97. The battery pack system according to embodiment 95 or 96, wherein the storage
case further comprises a permanent magnet and/or an RFID tag and the base station
comprises at least one sensor configured to detect the presence or absence of the
magnet, e.g., a reed switch or a Hall sensor, and/or the RFID tag, e.g., an RFID in-
terrogator.

98. The battery pack system according to any one of embodiments 89-97, wherein
each of the at least one first means for receiving wirelessly transmitted power and the
at least one first means for wirelessly transmitting power comprises an induction coil.

99. The battery pack system according to any one of embodiments 92-98, wherein
the at least one second means for wirelessly transmitting power comprises an induction
coil.

100. A method for recharging a battery pack configured for use with a power tool,
e.g., a hand-held power tool, comprising:

engaging battery terminals of the battery pack with charging terminals of a first
storage case or tray,

generating an electromagnetic field adjacent to the first storage case,

generating a charging current using power obtained from the electromagnetic field,
and

charging at least one battery cell in the battery pack using the charging current.

101. The method according to embodiment 100, wherein the electromagnetic field is
generated upon receiving a signal from a sensor indicating that the first storage case
has been placed proximal to a base station.

102. The method according to embodiment 101, wherein the proximity sensor
comprises one or more of:

a reed switch,

a Hall sensor,



WO 2013/014878 PCT/JP2012/004550

[0266]

[0267]

[0268]

[0269]

[0270]

[0271]

[0272]

[0273]

[0274]

[0275]

[0276]

37

an optical sensor,

a mechanical switch actuated by physical contact,

a pressure or weight sensor,

a radio frequency identification (RFID) device, e.g., an RFID interrogator, and/or
an electric resistance or capacitive sensor.

103. The method according to any one of embodiments 100-102, wherein power for
generating the electromagnetic field is provided by an AC power source.

104. The method according to any one of embodiments 100-102, wherein power for
generating the electromagnetic field is provided by a DC power source, e.g., a vehicle
battery system.

105. The method according to any one of embodiments 100-102, wherein power for
generating the electromagnetic field is provided by a self-contained power source
provided in, or connected to, the base station.

106. The method according to embodiment 105, wherein the self-contained power
source comprises at least one rechargeable battery cell.

107. The method according to any one of embodiments 100-106, further comprising:

disposing the first storage case proximal to a base station, e.g., on top of the base
station, and

transmitting power from the base station to the first storage case for recharging the
battery pack.

108. The method according to embodiment 107, wherein the power is transmitted
wirelessly from the base station to the first storage case.

109. The method according to any one of embodiments 100-108, further comprising:

disposing a second storage case proximal to the first storage case, e.g., on top of the
first storage case, and

transmitting power from the first storage case to the second storage case for
recharging a battery pack stored in the second storage case.

110. The method according to embodiment 109, wherein the power is transmitted
wirelessly from the first storage case to the second storage case.

111. The method according to embodiment 109 or 110, further comprising:

disposing a third storage case proximal to the second storage case, e.g., on top of the
second storage case, and

transmitting power from the second storage case to the third storage case for
recharging a battery pack stored in the third storage case.

112. The method according to embodiment 111, wherein the power is transmitted
wirelessly from the second storage case to the third storage case.

113. The method according to any one of embodiments 100-112, wherein the at least

one battery cell comprises a plurality of series-connected battery cells configured or
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adapted to output a nominal power of at least 300 Watts.

114. The method according to any one of embodiments 100-112, wherein the at least
one battery cell comprises a plurality of series-connected battery cells configured or
adapted to output a nominal power of at least 600 Watts.

115. The method according to any one of embodiments 100-114, wherein the battery
pack has a nominal voltage greater than 10 volts.

116. The method according to any one of embodiments 100-115, wherein the battery
pack has a nominal voltage between 10-40 volts, e.g., between about 14 to 30 volts,
e.g., between about 21 to 30 volts.

117. The method according to any one of embodiments 100-116, wherein the battery
pack comprises lithium-based battery cells, e.g., five to fifteen battery cells, e.g.,
lithium-ion battery cells.

118. The method according to embodiment 117, wherein the battery pack comprises
six to eight lithium-ion battery cells.

119. The method according to any one of embodiments 100-118, wherein the battery
pack has a nominal output current equal to or greater than 10 amps.

120. The method according to any one of embodiments 100-119, wherein the battery
pack has a nominal output current equal to or greater than 15 amps.

121. The method according to any one of embodiments 100-120, wherein the battery
pack has a nominal capacity of at least 0.5 amp-hour, e.g., equal to or more than 1.0
amp-hour, e.g., equal to or greater than 2.0 amp-hour.

122. The method according to any one of embodiments 60-88 or 100-120, wherein
the battery pack is connected to the adapter of any one of embodiments 20-27.

123. The method according to embodiment 122, wherein the charging current is
generated in the adapter.

124. The method according to embodiment 122, wherein the adapter supplies a direct
current to the battery pack and the battery pack generates the charging current that is
supplied to the at least one battery cell.

125. The method according to any one of embodiments 122-124, further comprising
attaching the adapter to a bottom side of the battery pack opposite of battery terminals
configured to connect with battery terminals on the power tool, the battery pack having
a second set of terminals configured to receive the current from the adapter.

126. A charger configured or adapted to recharge a battery pack of a power tool, e.g.,
a hand-held power tool, the charger comprising:

at least one rechargeable battery cell, and

means for wirelessly transmitting power using energy from the at least one
rechargeable battery cell to a means for receiving wirelessly transmitted power

disposed in the battery pack.
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127. The charger according to embodiment 126, wherein the battery pack is
configured or adapted to output a nominal power of at least 300 Watts and the at least
one rechargeable battery cell of the charger comprises a plurality of series-connected
battery cells configured or adapted to completely recharge the battery pack at least
once, more preferably at least twice, more preferably at least five times and even more
preferably at least ten times.

128. The charger according to embodiment 126 or 127, wherein the battery pack is
configured or adapted to output a nominal power of at least 600 Watts and the at least
one rechargeable battery cell of the charger comprises a plurality of series-connected
battery cells configured or adapted to completely recharge the battery pack at least
once, more preferably at least twice, more preferably at least five times and even more
preferably at least ten times.

129. The charger according to any one of embodiments 126-128, wherein the battery
pack has a nominal voltage greater than 10 volts, e.g., between 10-40 volts, e.g.,
between about 14 to 30 volts, e.g., between about 21 to 30 volts.

130. The charger according to any one of embodiments 126-129, wherein the charger
comprises lithium-based battery cells, e.g., lithium-ion battery cells.

131. The charger according to any one of embodiments 126-130, wherein the battery
pack has a nominal output current equal to or greater than 10 amps, more preferably
equal to or greater than 15 amps.

132. The charger according to any one of embodiments 126-131, wherein the battery
pack has a nominal capacity of at least 0.5 amp-hour, e.g., equal to or more than 1.0
amp-hour, e.g., equal to or greater than 2.0 amp-hour.

133. The charger according to any one of embodiments 126-132, further comprising:

means for receiving wirelessly-transmitted power, and

a circuit configured to convert wirelessly-transmitted power received by the
receiving means into a charging current and to supply the charging current to the at
least one rechargeable battery cell.

134. The charger according to embodiment 133, further comprising:

at least one first sensor configured or adapted to sense the presence and/or absence of
a source of wirelessly-transmitted power disposed proximal to the means for receiving
wirelessly-transmitted power.

135. The charger according to any one of embodiments 126-134, further comprising:

at least one second sensor configured or adapted to sense the presence and/or absence
of the battery pack disposed proximal to the means for wirelessly transmitting power.

136. The charger according to embodiment 134 or 135, wherein the at least one first
sensor and/or the at least one second sensor comprises one or more of:

a reed switch,
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a Hall sensor,

an optical sensor,

a mechanical switch actuated by physical contact,

a pressure or weight sensor,

a radio frequency identification (RFID) device, e.g., an RFID interrogator, and/or
an electric resistance or capacitive sensor.

137. The charger according to embodiment 136, wherein the at least one first sensor
and/or the at least one second sensor comprises a permanent magnet and/or an RFID
tag and/or an RFID interrogator.

138. The charger according to any one of embodiments 126-137, wherein the means
for wirelessly transmitting power comprises an induction coil.

139. The charger according to any one of embodiments 133-138, wherein the means
for receiving wirelessly-transmitted power comprises an induction coil.

140. A method for recharging a battery pack configured for use with a power tool,
e.g., a hand-held power tool, comprising:

engaging battery terminals of the battery pack with charging terminals of a first
storage case or tray having a carrying handle,

contacting at least one electrical contact on the first storage case with at least one
electrical contact on a base station,

supplying a charging current from the base station to the first storage case via the
electrical contacts, and

charging at least one battery cell in the battery pack using the charging current.

141. The method according to embodiment 140, wherein the charging current is
supplied upon receiving a signal from a proximity sensor indicating that the first
storage case has been placed proximal to the base station.

142. The method according to embodiment 141, wherein the proximity sensor
comprises one or more of:

a reed switch,

a Hall sensor,

an optical sensor,

a mechanical switch actuated by physical contact,

a pressure or weight sensor,

a radio frequency identification (RFID) device, e.g., an RFID interrogator, and/or

an electric resistance or capacitive sensor.

143. The method according to any one of embodiments 140-142, wherein power for
supplying the charging current is provided by an AC power source.

144. The method according to any one of embodiments 140-142, wherein power for

supplying the charging current is provided by a DC power source, €.g., a vehicle
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battery system.

145. The method according to any one of embodiments 140-142, wherein power for
supplying the charging current is provided by a self-contained power source provided
in, or connected to, the base station.

146. The method according to embodiment 145, wherein the self-contained power
source comprises at least one rechargeable battery cell.

147. The method according to any one of embodiments 140-146, further comprising:

disposing the first storage case proximal to the base station, e.g., on top of or on a
lateral side of the base station, and

supplying the charging current from the base station to the first storage case for
recharging the battery pack.

148. The method according to one of embodiments 140-147, wherein the first storage
case comprises a plurality of sets of battery terminals and a plurality of battery packs
are recharged with the charging current in the first storage case.

149. The method according to any one of embodiments 140-148, further comprising:

disposing a second storage case proximal to the first storage case, e.g., on top of or
on a lateral side of the first storage case, and

supplying the charging current from the first storage case to the second storage case
for recharging at least one battery pack stored in the second storage case.

150. The method according to embodiment 149, wherein the second storage case
comprises a plurality of sets of battery terminals and a plurality of battery packs are
recharged with the charging current in the second storage case.

151. The method according to embodiment 149 or 150, further comprising:

disposing a third storage case proximal to the second storage case, e.g., on top of or
on a lateral side of the second storage case, and

supplying the charging current from the second storage case to the third storage case
for recharging a battery pack stored in the third storage case.

152. The method according to embodiment 151, wherein the third storage case
comprises a plurality of sets of battery terminals and a plurality of battery packs are
recharged with the charging current in the third storage case.

153. The method according to any one of embodiments 140-152, wherein the at least
one battery cell comprises a plurality of series-connected battery cells configured or
adapted to output a nominal power of at least 300 Watts.

154. The method according to any one of embodiments 140-152, wherein the at least
one battery cell comprises a plurality of series-connected battery cells configured or
adapted to output a nominal power of at least 600 Watts.

155. The method according to any one of embodiments 140-154, wherein the battery

pack has a nominal voltage greater than 10 volts.
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156. The method according to any one of embodiments 140-155, wherein the battery
pack has a nominal voltage between 10-40 volts, e.g., between about 14 to 30 volts,
e.g., between about 21 to 30 volts.

157. The method according to any one of embodiments 140-156, wherein the battery
pack comprises lithium-based battery cells, e.g., five to fifteen battery cells, e.g.,
lithium-ion battery cells.

158. The method according to embodiment 157, wherein the battery pack comprises
six to eight lithium-ion battery cells.

159. The method according to any one of embodiments 140-158, wherein the battery
pack has a nominal output current equal to or greater than 10 amps.

160. The method according to any one of embodiments 140-159, wherein the battery
pack has a nominal output current equal to or greater than 15 amps.

161. The method according to any one of embodiments 140-160, wherein the battery
pack has a nominal capacity of at least 0.5 amp-hour, e.g., equal to or more than 1.0
amp-hour, e.g., equal to or greater than 2.0 amp-hour.

162. The method according to any one of embodiments 140-161, wherein the battery
pack is connected to an adapter having the battery terminals connected to the charging
terminals of the first storage case or tray.

163. The method according to embodiment 162, wherein the charging current is
generated in the adapter.

164. The method according to embodiment 162, wherein the adapter supplies a direct
current to the battery pack and the battery pack generates the charging current that is
supplied to the at least one battery cell.

165. The method according to any one of embodiments 162-164, further comprising
attaching the adapter to a bottom side of the battery pack opposite of battery terminals
configured to connect with battery terminals on the power tool, the battery pack having
a second set of terminals configured to receive the current from the adapter.

166. A battery pack charging system comprising:

at least one battery pack configured or adapted to be detachably engaged with a
power tool, e.g., a hand-held power tool, the at least one battery pack comprising at
least one battery cell and battery terminals, and

a storage case configured or adapted to accommodate the at least one battery pack,
the storage case comprising charging terminals configured to directly contact the
battery terminals and at least one first electrical contact electrically coupled to the
charging terminals, and

a base station configured or adapted to supply power to the storage case when at least
one second electrical contact on the base station contacts the at least one first electrical

contact on the storage case.
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167. The battery pack charging system according to embodiment 166, wherein:

the base station further comprises at least one self-contained power supply
configured to supply power to the storage case, wherein the at least one self-contained
power supply comprises one or more battery cells, preferably rechargeable lithium-
based battery cells.

168. The battery pack charging system according to embodiment 166, wherein:

the base station further comprises at least one power cord configured to be connected
to an external power supply, such as an AC power supply, e.g., a commercial AC
power supply, and/or to a DC power supply, e.g., the DC power supply of a vehicle.

169. The battery pack charging system according to any one of embodiments
166-167, wherein the storage case and/or the base station further comprises at least one
sensor configured or adapted to sense the presence and/or absence of the base station
disposed proximal to the first storage case.

170. The battery pack system according to embodiment 169, wherein the at least one
sensor comprises one or more of:

a reed switch,

a Hall sensor,

an optical sensor,

a mechanical switch actuated by physical contact,

a pressure or weight sensor,

a radio frequency identification (RFID) device, e.g., an RFID interrogator, and/or

an electric resistance or capacitive sensor.

171. The battery pack charging system according to embodiment 170 or 171, wherein
the storage case further comprises a permanent magnet and/or an RFID tag and the
base station comprises at least one sensor configured to detect the presence or absence
of the magnet, e.g., a reed switch or a Hall sensor, and/or the RFID tag, e.g., an RFID
interrogator.

172. The battery pack charging system according to any one of embodiments
166-171, further comprising:

a second storage case having at least first electrical contact configured to contact at
least one second electrical contact on the first storage case to receive charging current
from the first storage case for recharging at least one battery pack stored in the second
storage case.

173. The battery pack charging system according to embodiment 172, wherein the
second storage case comprises a plurality of sets of battery terminals and a plurality of
battery packs are rechargeable with the charging current in the second storage case.

174. The battery pack charging system according to any one of embodiments

172-173, further comprising:
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a third storage case having at least first electrical contact configured to contact at least

one second electrical contact on the second storage case to receive charging current

from the second storage case for recharging at least one battery pack stored in the third

storage case.

175. The battery pack charging system according to embodiment 174, wherein the

third storage case comprises a plurality of sets of battery terminals and a plurality of

battery packs are rechargeable with the charging current in the third storage case.

176. The battery pack charging system according to any one of embodiments

166-175, wherein the at least one battery cell comprises a plurality of series-connected

battery cells configured or adapted to output a nominal power of at least 300 Watts.
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Claims

A battery pack system comprising:

at least one battery pack (20) configured or adapted to be detachably
engaged with a power tool (10), e.g., a hand-held power tool, the at
least one battery pack comprising at least one battery cell (24) and
battery terminals (36), and

a storage case or tray (40) configured or adapted to accommodate the at
least one battery pack and comprising charging terminals (41a, 41b,
41c, 42d) configured or adapted to directly contact the battery
terminals, at least one first means (46) for receiving wirelessly
transmitted power and a circuit (92) configured or adapted to convert
the wirelessly received power into a charging current that is supplied to
the charging terminals.

The battery pack system according to claim 1, further comprising:

a base station (60) configured or adapted to supply power to the storage
case (40) when the storage case is disposed proximal to the base
station.

The battery pack system according to claim 2, wherein:

the base station (60) comprises at least one means (48) for wirelessly
transmitting power to the at least one first means (46) for receiving
wirelessly transmitted power.

The battery pack system according to any preceding claim, wherein the
storage case (40) further comprises:

at least one second means (48) for wirelessly transmitting power to at
least one first means (46) for receiving wirelessly transmitted power of
an adjacent storage case (40).

The battery pack system according to any preceding claim, wherein:
the base station (60) further comprises at least one self-contained power
supply (76) configured or adapted to supply power to the storage case
(40), wherein the at least one self-contained power supply comprises
one or more battery cells, preferably rechargeable lithium-based battery
cells.

The battery pack system according to any preceding claim, wherein:
the base station (60) further comprises at least one power cord (62; 74)
configured to be connected to an external power supply, such as an AC
power supply, e.g., a commercial AC power supply, and/or to a DC

power supply, e.g., the DC power supply of a vehicle.
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The battery pack system according to any preceding claim, wherein the
storage case (40) and/or the base station (60) further comprises at least
one sensor (34) configured or adapted to sense the presence and/or
absence of the base station disposed proximal to the at least one first
means (46) for receiving wirelessly transmitted power.

The battery pack system according to claim 7, wherein the at least one
sensor (34) comprises one or more of:

areed switch,

a Hall sensor,

an optical sensor,

a mechanical switch actuated by physical contact,

a pressure or weight sensor,

a radio frequency identification (RFID) device, e.g., an RFID in-
terrogator, and/or

an electric resistance or capacitive sensor.

The battery pack system according to claim 7 or 8, wherein the storage
case (40) further comprises a permanent magnet (32) and/or an RFID
tag and the base station (60) comprises at least one sensor (34)
configured to detect the presence or absence of the magnet, e.g., a reed
switch or a Hall sensor, and/or the RFID tag, e.g., an RFID in-
terrogator.

The battery pack system according to any one of claims 3-9, wherein
each of the at least one first means (46) for receiving wirelessly
transmitted power and the at least one means (48) for wirelessly
transmitting power comprises an induction coil.

The battery pack system according to any one of claims 4-10, wherein
the at least one second means (48) for wirelessly transmitting power
comprises an induction coil.

A method for recharging a battery pack (20) configured for use with a
power tool (10), e.g., a hand-held power tool, comprising:

engaging battery terminals (36) of the battery pack with charging
terminals (41a, 41b, 41c, 42d) of a first storage case or tray (40),
generating an electromagnetic field adjacent to the first storage case or
tray,

generating a charging current using power obtained from the electro-
magnetic field, and

charging at least one battery cell (24) in the battery pack using the

charging current.
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[Claim 20]
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The method according to claim 12, wherein the electromagnetic field is
generated upon receiving a signal from a proximity sensor (34) in-
dicating that the first storage case (40) has been placed proximal to a
base station (60).

The method according to claim 13, wherein the proximity sensor (34)
comprises one or more of:

areed switch,

a Hall sensor,

an optical sensor,

a mechanical switch actuated by physical contact,

a pressure or weight sensor,

a radio frequency identification (RFID) device, e.g., an RFID in-
terrogator, and/or

an electric resistance or capacitive sensor.

The method according to any one of claims 12-14, wherein power for
generating the electromagnetic field is provided by an AC power
source.

The method according to any one of claims 12-14, wherein power for
generating the electromagnetic field is provided by a DC power source,
e.g., a vehicle battery system.

The method according to any one of claims 12-14, wherein power for
generating the electromagnetic field is provided by a self-contained
power source (76) provided in, or connected to, the base station (60).
The method according to claim 17, wherein the self-contained power
source (76) comprises at least one rechargeable battery cell.

The method according to any one of claims 12-18, further comprising:
disposing the first storage case (40) proximal to a (the) base station
(60), e.g., on top of the base station, and

transmitting power from the base station to the first storage case for
recharging the battery pack.

The method according to claim 19, wherein the power is transmitted
wirelessly from the base station (60) to the first storage case (40).

The method according to any one of claims 12-20, further comprising:
disposing a second storage case (40) proximal to the first storage case
(40), e.g., on top of the first storage case, and

transmitting power from the first storage case to the second storage
case for recharging a battery pack (20) stored in the second storage

case.
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The method according to claim 21, wherein the power is transmitted
wirelessly from the first storage case (40) to the second storage case
(40).

The method according to claim 21 or 22, further comprising:
disposing a third storage case (40) proximal to the second storage case
(40), e.g., on top of the second storage case, and

transmitting power from the second storage case to the third storage
case for recharging a battery pack (20) stored in the third storage case.
The method according to claim 23, wherein the power is transmitted
wirelessly from the second storage case (40) to the third storage case
(40).

The method according to any one of claims 12-24, wherein the at least
one battery cell (24) comprises a plurality of series-connected battery
cells configured or adapted to output a nominal power of at least 300
Watts.

The method according to any one of claims 12-24, wherein the at least
one battery cell (24) comprises a plurality of series-connected battery
cells configured or adapted to output a nominal power of at least 600
Watts.

The method according to any one of claims 12-26, wherein the battery
pack (20) has a nominal voltage greater than 10 volts.

The method according to any one of claims 12-27, wherein the battery
pack (20) has a nominal voltage between 10-40 volts, e.g., between
about 14 to 30 volts, e.g., between about 21 to 30 volts.

The method according to any one of claims 12-28, wherein the battery
pack (20) comprises lithium-based battery cells, e.g., five to fifteen
battery cells, e.g., lithium-ion battery cells.

The method according to claim 29, wherein the battery pack (20)
comprises six to eight lithium-ion battery cells.

The method according to any one of claims 12-30, wherein the battery
pack (20) has a nominal output current equal to or greater than 10
amps.

The method according to any one of claims 12-31, wherein the battery
pack (20) has a nominal output current equal to or greater than 15
amps.

The method according to any one of claims 12-32, wherein the battery
pack (20) has a nominal capacity of at least 0.5 amp-hour, e.g., equal to

or more than 1.0 amp-hour, e.g., equal to or greater than 2.0 amp-hour.
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The method according to any one of claims 12-33, wherein the battery
pack (20) is detachably connected to an adapter (170), the adapter
comprising:

means (22) for receiving wirelessly-transmitted power, and

a circuit (25) configured to convert wirelessly-transmitted power
received by the receiving means into a current, e.g., into a charging
current, and to supply the current to the at least one battery cell (24).
The method according to claim 34, wherein the charging current is
generated in the adapter (170).

The method according to claim 34, wherein the adapter (170) supplies a
direct current to the battery pack (20) and the battery pack generates the
charging current that is supplied to the at least one battery cell (24).

The method according to any one of claims 34-36, further comprising:
attaching the adapter (170) to a bottom side (21) of the battery pack
(20) opposite of battery terminals (36) configured or adapted to connect
with battery terminals on the power tool (10), the battery pack having a
second set of terminals (37) configured to receive the current from the

adapter.
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