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Description

Title of Invention: THEFT-DETERRENCE SYSTEM FOR
POWER TOOL SYSTEM, AND ADAPTER AND METHOD

[0001]

[0002]

[0003]

[0004]
[0005]

[0006]

THEREFOR

CROSS-REFERENCE

This application claims priority to U.S. Provisional Application No. 61/511,092 filed
on July 24, 2011, No. 61/564,513 filed on November 29, 2011, No. 61/578,231 filed
on December 20, 2011 and No. 61/593,533 filed on February 1, 2012, the contents of

all of which are hereby incorporated by reference as if fully set forth herein.
Technical Field

The present invention generally relates to power tools, e.g., hand-held power tools,
which include theft prevention/deterrence functionality for the power tool and/or to a
battery pack associated therewith, as well as to power tool systems containing the
same, adapters for power tools that provide the theft prevention/deterrence func-
tionality and methods of preventing/deterring theft of the power tools and/or battery
packs associated therewith.

Background

Several attempts have been made in the prior art to restrict usage of a power tool,
e.g., a battery-operated, hand-held power tool, only to authorized users. The goal is to
at least deter, if not prevent, the theft of the power tools and/or the battery packs as-
sociated with the power tools.

For example, the following proposals for solving this problem have been disclosed.

In US 2008/0238609 A1, a battery-operated electric hand tool device comprises
control electronics, a wirelessly and contactlessly responding transceiver, and a storage
unit in which an authorization code is stored. A locked mode of operation is distin-
guishable from a released mode of operation. In order to improve theft protection, a
wire-bound or wireless interface is provided from the control electronics of the electric
hand tool device to a battery pack such that locking data can be transmitted from the
control electronics of the electric hand tool device to the battery pack, can be stored in
a storage device of the battery pack, and can then be read out of the storage device
again.

Similarly, in US 6,872,121, an electrical hand tool device comprises control
electronics and a transmitter and receiver, which operates in a wireless and contact-free
manner, and a storage medium in which an authorization code is stored. An operation
locking state can be differentiated from an operation release state. An external

transmitter and receiver means is accommodated in a separate portable device. Com-
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munication with the transmitter and receiver means of the electrical hand tool device
can be produced in a defined fashion by actuating the external transmitter and receiver
means to change the operation state of the electrical hand tool. Communication is
provided only to change the operation state and optionally to change the authorization
code.

In JP 2004-181549 A, an electric tool has a mode changing means for switching
between an ordinary operation mode and a tool unusable mode that prevents usage of
the tool. An identification code storage means stores an identification code that is
specific to the tool. An identification code input means is adapted to input the identi-
fication code. A control means is connected with these means and controls operation of
the electric tool. When the control means determines that the identification code
inputted via the identification input means coincides with the identification code stored
in the identification code storage means, it changes the tool operational state from the
tool unusable mode to the ordinary operation mode. When the inputted identification
code is different from the stored identification code, use of the electric tool is
prevented.

However, these known proposals suffer from one or more problems.

Summary

It is an object of the present teachings to disclose a power tool system, an adapter for
a power tool system and a method for preventing, or at least discouraging or deterring,
the theft of a hand-held power tool and/or a battery (pack) therefor and/or a charger
therefor.

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

In one aspect of the present teachings, a hand-held power tool and a battery (pack)
are each provided with a pass code. The respective pass codes are directly compared at
an appropriate timing, e.g., when the battery (pack) is attached to and/or otherwise
electrically connected with the power tool. If the pass codes of the power tool and the
battery pack do not match or otherwise correspond in a pre-defined manner, the power
tool and/or the battery (pack) is disabled (i.e. the power tool can not be operated), even
though the battery (pack) is attached to the power tool.

In addition or in the alternative, a charger for the battery (pack) may be provided
with a pass code. The pass codes of the battery (pack) and the charger may be directly
compared at an appropriate timing, e.g., when the battery (pack) is mounted on or
otherwise electrically connected with the charger in order to recharge the battery. If the
pass codes of the battery pack and the charger do not match or otherwise correspond in
a pre-defined manner, the battery pack is prevented/prohibited from being charged,

even though the battery pack is attached to the charger.
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In preferred embodiments, the pass code(s) stored in the memory of the battery
(pack) is (are) directly compared with the pass code(s) stored in the memory of the
power tool or with the pass code(s) stored in the memory of the charger. Preferably,
the battery (pack) has at least one controller that is adapted or configured to perform
the pass code comparison and to generate either an enable signal (if the pass codes
match) or a disable signal (if the pass codes do not match). However, the comparison
may also be performed, in whole or in part, by a controller located in the power tool, in
the charger, or in an adapter for the power tool system.

The term "pass code" as utilized herein is meant to be interchangeable with related
terminology, such as "access code", "password", "PIN (personal identification
number)", etc. Pass codes are intended to include any set of characters, letters,
numbers, symbols, etc., which enable the hand-held power tool, battery (pack), charger
and/or adapter to be identified, but need not be unique to each device.

In another aspect of the present teachings, techniques or methods for electronically
locking a hand-held power tool, battery (pack) and/or charger are also disclosed. In one
embodiment of this aspect, a user can electronically lock and unlock the battery pack
by performing a predetermined operation. By electrically locking the battery pack and/
or the power tool, the battery pack cannot power the power tool, even though the
battery pack is attached to the power tool. Similarly, by electrically locking the battery
pack and/or the charger, the charger can not recharge the battery pack, even though the
battery pack is attached to the charger.

In another aspect of the present teachings, techniques or methods for setting or
changing one or more pass code(s) stored in the battery pack, the power tool and/or the
charger are disclosed. In certain embodiment thereof, the battery pack may be
configured or adapted to act as a messenger by storing one or more pass codes when
electrically coupled to one of the power tool and the charger and then, when sub-
sequently electrically coupled to the other of the power tool and the charger,
downloading the pass code(s) into the memory of the other device.

The following is a non-limiting summary of additional embodiments disclosed
herein:

In a first embodiment, a power tool system comprises a hand-held power tool
including a motor or a solenoid that drives a tool, and a first memory adapted or
configured or adapted to store at least one pass code; a battery pack adapted or
configured to be detachably attached to and power the power tool, the battery pack
including a second memory adapted or configured or adapted to store at least one pass
code; a first cut-off switch provided in one of the power tool and the battery pack, the
first cut-off switch being adapted or configured to cut off the supply of current from

the battery pack to the motor or solenoid when the first cut off switch is turned off; and
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a first controller provided in at least one of the power tool and the battery pack, the
first controller being adapted or configured to:

read the pass codes from the first and second memories when the battery pack is
attached to the power tool, and

turn off the first cut-off switch when the pass codes of the first memory and the second
memory do not match or otherwise correspond in a predetermined manner.

According to the first embodiment, in case the power tool and/or the battery pack is
(are) stolen, the stolen power tool or battery pack cannot be used together with other
battery packs or power tools, which do not have matching or corresponding pass codes.
Therefore, theft of the power tool or the battery pack is prevented or at least dis-
couraged.

In a second embodiment, the power tool system as in the first embodiment is
modified such that at least one of the first and second memories is adapted or
configured to be capable of storing a plurality of pass codes, and the first controller is
adapted or configured to turn off the first cut-off switch when no match is found
between at least one pass code stored in the first memory and at least one pass code
stored in the second memory.

According to the second embodiment, the battery pack can be commonly used with
power tools having different pass codes. For example, two people may work together
using power tools having such pass codes. Each person can store (e.g., temporarily) the
other's pass code in his/her own power tool or battery pack as an additional pass code.
Thus, the two people can commonly use their two or more battery packs with the
other's charger(s) and/or power tool(s).

In a third embodiment, the power tool system as in the second embodiment is
modified such that the plurality of pass codes includes a main (primary) pass code and
at least one sub (secondary) pass code, and the main pass code is required in order to
store, delete and/or rewrite the at least one sub pass code in the first memory and/or the
second memory.

In the third embodiment, in which two people commonly use their two or more
battery packs, each person should not tell his/her own main pass code to the other
person in order to keep the main pass code as a secret. Thus, each person can set a sub
pass code and inform the other person of the sub pass code, but then the sub pass code
may be deleted as soon as the joint project is finished.

The power tool system may be configured or adapted such that the sub pass code
permits the battery pack to be used with any charger and/or power tool that also
contains the same sub pass code, but the sub pass code does not authorize any changes
to the operating or locking parameters (e.g., re-setting the main pass code) of the other

chargers and/or power tools.
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In a fourth embodiment, the power tool system as in any preceding embodiment
further comprises a charger adapted or configured to be detachably attached to and
charge the battery pack, the charger including a third memory adapted or configured to
store at least one pass code; a second cut-off switch provided in one of the battery pack
and the charger, the second cut-off switch being adapted or configured to cut off the
supply of current from the charger to the battery pack when the second cut off switch is
turned off; and a second controller provided in at least one of the battery pack and the
charger, the second controller being adapted or configured to read the pass codes from
the second and third memories when the battery pack is attached to the charger, and to
turn off the second cut-off switch when the pass codes of the second memory and the
third memory do not match or otherwise correspond in a predetermined manner.

According to the fourth embodiment, the charger is also provided with the pass code.
As aresult, even if both the power tool and the battery pack are stolen, the stolen
power tool and battery pack cannot be used after the charge stored in the battery pack
has been depleted or dissipated, because the stolen battery pack cannot be charged by
other chargers. That is, the battery pack can only be charged by a charger that contains
an appropriate pass code stored therein.

In a fifth embodiment, the power tool system as in the fourth embodiment is
modified such that at least one of the second and third memories is adapted or
configured to be capable of storing a plurality of pass codes, and the second controller
is adapted or configured to turn off the second cut-off switch when no match can be
found between at least one pass code stored in one of the second memory and the third
memory and the plurality of pass codes stored in the other of the second memory and
the third memory.

According to the fifth embodiment, the charger can be commonly used with battery
packs having different pass codes in a manner similar to the above-described second
embodiment.

In a sixth embodiment, the power tool system as in the fifth embodiment is modified
such that the plurality of pass codes includes a main (primary) pass code and at least
one sub (secondary) pass code, and the main pass code is required in order to store,
delete or rewrite the at least one sub pass code in the second memory and/or the third
memory.

The sixth embodiment provides essentially the same advantages and features of the
above-described third embodiment.

In a seventh embodiment, the power tool system as in any preceding embodiment
further comprises a third controller provided in at least one of the power tool and the
battery pack, wherein the third controller is adapted or configured to turn off the first

cut-off switch when a predetermined condition is fulfilled.
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The seventh embodiment provides an electronic lock function that disables the power
tool and/or the battery pack when a predetermined condition has been fulfilled. For
example, a user can electrically lock the power tool by performing a predetermined
operation, e.g., by entering the pass code, when the user is not using the power tool. In
this case, even if the power tool or battery pack is stolen, the stolen power tool or
battery pack is prevented/blocked from being used, thereby preventing or discouraging
the theft of the power tool and/or the battery pack.

In an eighth embodiment, the power tool system as in the seventh embodiment is
modified such that the predetermined condition is at least one of:

a predetermined operation is performed by a user,

a predetermined time has passed since the last activation of the power tool,

the power tool has been activated a predetermined number of times, and/or

the battery pack has been charged a predetermined number of times.

According to the eighth embodiment, a variety of possibilities are possible for
defining the predetermined condition. In this embodiment, the predetermined operation
may be, e.g., operating a trigger or an ON-OFF switch of the power tool a prede-
termined number of times (e.g., five times), entering the pass code, or any other ap-
propriate operation.

In a ninth embodiment, the power tool system as in any preceding embodiment
further comprises a (the) charger adapted or configured to be detachably attached to
the battery pack, the charger having a user interface adapted or configured to receive a
pass code inputted by a user; and a fourth controller at least partially provided in the
battery pack, the fourth controller being adapted or configured to:

be coupled with the user interface when the battery pack is attached to the charger,

receive a first pass code and a second pass code inputted via the user interface, and

rewrite the current pass code stored in the second memory to the second pass code
when the first pass code matches with the current pass code of the second memory.

The ninth embodiment relates to a technique and/or device for setting and/or
changing the pass code(s). A user interface, e.g. numerical key pad and/or a display
(e.g., a touch screen), may be advantageously utilized to set or change the pass codes.
In order to minimize the size of the hand-held power tool and/or the battery pack, it is
preferable to provide the user interface on or in the charger.

In a tenth embodiment, the power tool system as in any preceding embodiment
further comprises a (the) charger adapted or configured to be detachably attached to
the battery pack, the charger having a user interface adapted or configured to receive a
pass code inputted by a user; and a fifth controller at least partially provided in the
battery pack, the fifth controller being adapted or configured to:

be coupled with the user interface when the battery pack is attached to the charger,
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receive and store a third pass code and a fourth pass code inputted via the user
interface while the battery pack is attached to the charger,

be coupled with the first memory when the battery pack is attached to the power tool,
and

rewrite the current pass code stored in the first memory of the tool to the fourth pass
code when the third pass code matches the current pass code of the first memory.

According to the tenth embodiment, the charger is attached only to the battery pack
and is not attached to the power tool. Therefore, the pass code of the power tool cannot
be changed directly via the user interface of the charger. In view of this configuration,
this embodiment uses the battery pack like a messenger or conduit to change the pass
code of the power tool. That is, the current pass code and a new pass code for the
power tool are first stored in the battery pack while the battery pack is attached to the
charger. Then, when the battery pack is attached to the power tool, the battery pack
rewrites the pass code of the power tool.

In an eleventh embodiment, the power tool system as in the tenth embodiment is
modified such that the fifth controller is further adapted or configured to:

receive a first pass code inputted via the user interface while the battery pack is
attached to the charger, and

perform an operation of receiving and storing of the third and fourth pass codes only
when the inputted first pass code matches the pass code stored in the second memory
of the battery pack.

In the eleventh embodiment, only a user who knows the pass code, e.g., the main
pass code, of the battery pack can use the battery pack as a messenger.

In a twelfth embodiment, the power tool system as in any preceding embodiment
further comprises a (the) charger adapted or configured to be detachably attached to
the battery pack, the charger including a third memory adapted or configured to store
at least one pass code and a user interface configure to receive a pass code inputted by
a user; and a sixth controller at least partially provided in the battery pack, the sixth
controller being adapted or configured to:

be coupled with the user interface and the third memory of the charger respectively
when the battery pack is attached to the charger,

receive and store a fifth pass code and a sixth pass code inputted via the user
interface while the battery pack is attached to the charger, and

rewrite the current pass code stored in the third memory of the charger to the sixth
pass code when the fifth pass code matches the current pass code of the third memory.

In a thirteenth embodiment, the power tool system as in the twelfth embodiment is
modified such that the sixth controller is further adapted or configured to:

receive a first pass code inputted via the user interface while the battery pack is
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attached to the charger, and

perform an operation of receiving and storing of the fifth and sixth pass codes only
when the inputted first pass code matches the pass code stored in the second memory
of the battery pack.

As will be described below, an adapter having a user interface may be employed in
this embodiment to set or change the pass codes. In such embodiments, the user
interface may be a data input device, such as an alphanumeric keypad and/or display
(e.g., a touch screen). Or, the user interface may be a wireless transceiver adapted or
configured to wirelessly communicate with an external device, which comprises the
data input device, such as an alphanumeric keypad and/or display (e.g., a touch
screen). The wireless communication protocol is not particularly limited, but tech-
nologies based upon radio waves (e.g., Bluetooth(registered)) and infrared waves are
preferred.

Such an adapter may be adapted or configured to attach to at least one of: (1) the
charger according to the below-described fourteenth to eighteenth embodiments, (ii)
the power tool according the below-described nineteenth to twenty-third embodiments
and/or (ii1) the battery pack according to the below-described twenty-fourth to twenty-
eight embodiments.

In one representative embodiment, the adapter may comprise a wireless commu-
nication adapter (which may not include a manual input device, e.g., a keyboard)
attached to the power tool. The external device may be a mobile terminal device (e.g.,
a smart phone) wirelessly communicating with the adapter. The battery pack also may
serve as a messenger in the embodiments that utilize an adapter.

In the fourteenth embodiment, the power tool system as in any preceding em-
bodiment further comprises a (the) charger adapted or configured to be detachably
attached to the battery pack; an (the) adapter adapted or configured to be detachably
attached to the charger, the adapter including a user interface adapted or configured to
receive a pass code inputted by a user; and a fourth controller at least partially
provided in the battery pack, the fourth controller being adapted or configured to:

be coupled with the user interface when the battery pack and the adapter are attached
to the charger,

receive a first pass code and a second pass code inputted via the user interface, and

rewrite the current pass code stored in the second memory of the battery pack to the
second pass code when the first pass code matches the current pass code of the second
memory.

In the fifteenth embodiment, the power tool system as in any preceding embodiment
further comprises a (the) charger adapted or configured to be detachably attached to
the battery pack; an (the) adapter adapted or configured to be detachably attached to
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the charger, the adapter including a user interface adapted or configured to receive a
pass code inputted by a user; and a fifth controller at least partially provided in the
battery pack, the fifth controller being adapted or configured to:

be coupled with the user interface when the battery pack and the adapter are attached
to the charger,

receive and store a third pass code and a fourth pass code inputted via the user
interface while the battery pack is attached to the charger,

be coupled with the first memory when the battery pack is attached to the power tool,
and

rewrite the current pass code stored in the first memory of the tool to the fourth pass
code when the third pass code matches the current pass code of the first memory.

In the sixteenth embodiment, the power tool system as in the fifteenth embodiment is
modified such that the fifth controller is further adapted or configured to:

receive a first pass code inputted to the user interface while the battery pack and the
adapter are attached to the charger, and

perform an operation of receiving and storing the third and fourth pass codes only
when the inputted first pass code matches the pass code stored in the second memory
of the battery pack.

In the seventeenth embodiment, a power tool system as in any preceding em-
bodiment further comprises a (the) charger adapted or configured to be detachably
attached to the battery pack, the charger including a third memory adapted or
configured or adapted to store at least one pass code; an (the) adapter adapted or
configured to be detachably attached to the charger, the adapter including a user
interface adapted or configured to receive a pass code inputted by a user; and a sixth
controller at least partially provided in the battery pack, the sixth controller being
adapted or configured to:

be coupled with the user interface and the third memory of the charger respectively
when the battery pack and the adapter are attached to the charger,

receive and store a fifth pass code and a sixth pass code inputted via the user
interface while the battery pack and the adapter are attached to the charger, and

rewrite the current pass code stored in the third memory of the charger to the sixth
code when the fifth pass code matches the current pass code of the third memory.

In the eighteenth embodiment, the power tool system as in the seventeenth em-
bodiment is modified such that the sixth controller is further adapted or configured to:

receive a first pass code inputted to the user interface while the battery pack and the
adapter are attached to the charger, and

perform an operation of the receiving and storing of the fifth and sixth pass codes

only when the inputted first pass code matches the pass code stored in the second
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memory of the battery pack.

As was noted above, in the below-described nineteenth to twenty-third embodiments,
the adapter is adapted or configured to be attached to the power tool.

In the nineteenth embodiment, the power tool system as in any preceding em-
bodiment further comprises an (the) adapter adapted or configured to be detachably
attached to the power tool, the adapter including a user interface adapted or configured
to receive a pass code inputted by a user; and a fourth controller at least partially
provided in the battery pack, the fourth controller being adapted or configured to:

be coupled with the user interface when the battery pack and the adapter are attached
to the tool,

receive a first pass code and a second pass code inputted via the user interface, and

rewrite the current pass code stored in the second memory of the battery pack to the
second pass code when the first pass code matches the current pass code of the second
memory.

In the twentieth embodiment, the power tool system as in any preceding embodiment
further comprises an (the) adapter adapted or configured to be detachably attached to
the power tool, the adapter including a user interface adapted or configured to receive a
pass code inputted by a user; and a fifth controller at least partially provided in the
battery pack, the fifth controller being adapted or configured to:

be coupled with the user interface when the battery pack and the adapter are attached
to the tool,

receive and store a third pass code and a fourth pass code inputted via the user
interface, and

rewrite the current pass code stored in the first memory of the tool to the fourth pass
code when the third pass code matches the current pass code of the first memory.

In the twenty-first embodiment, the power tool system as in the twentieth em-
bodiment is modified such that the fifth controller is further adapted or configured to:

receive a first pass code inputted to the user interface while the battery pack and the
adapter are attached to the tool, and

perform an operation of receiving and storing the third and fourth pass codes only
when the inputted first pass code matches the pass code stored in the second memory
of the battery pack.

In the twenty-second embodiment, the power tool system as in any preceding em-
bodiment further comprises a (the) charger adapted or configured to be detachably
attached to the battery pack, the charger including a third memory adapted or
configured or adapted to store at least one pass code; an (the) adapter adapted or
configured to be detachably attached to the power tool, the adapter including a user

interface adapted or configured to receive a pass code inputted by a user; and a sixth
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controller at least partially provided in the battery pack, the sixth controller being
adapted or configured to:

be coupled with the user interface when the battery pack and the adapter are attached
to the tool,

receive and store a fifth pass code and a sixth pass code inputted via the user interface
while the battery pack and the adapter are attached to the tool,

be coupled with the third memory of the charger when the battery pack is attached to
the charger, and

rewrite the current pass code stored in the third memory of the charger to the sixth
code when the fifth pass code matches the current pass code of the third memory.

In the twenty-third embodiment, the power tool system as in the twenty-second em-
bodiment is modified such that the sixth controller is further adapted or configured to:

receive a first pass code inputted to the user interface while the battery pack and the
adapter are attached to the tool, and

perform an operation of receiving and storing the fifth and sixth pass codes only
when the inputted first pass code matches the pass code stored in the second memory
of the battery pack.

As was noted above, in the below-described twenty-fourth to twenty-eighth em-
bodiments, the adapter is adapted or configured to be attached to the battery pack.

In the twenty-fourth embodiment, the power tool system as in any preceding em-
bodiment further comprises an (the) adapter adapted or configured to be detachably
attached to the battery pack, the adapter including a user interface adapted or
configured to receive a pass code inputted by a user; and a fourth controller at least
partly provided in the battery pack, the fourth controller being adapted or configured
to:

be coupled with the user interface when the adapter is attached to the battery pack,

receive a first pass code and a second pass code inputted via the user interface, and

rewrite the current pass code stored in the second memory of the battery pack to the
second pass code when the first pass code matches the current pass code of the second
memory.

In the twenty-fifth embodiment, the power tool system as in any preceding em-
bodiment further comprises an adapter adapted or configured to be detachably attached
to the battery pack, the adapter including a user interface adapted or configured to
receive a pass code inputted by a user, and a fifth controller at least partially provided
in the battery pack, the fifth controller being adapted or configured to:

be coupled with the user interface when the adapter is attached to the battery pack,

receive and store a third pass code and a fourth pass code inputted via the user

interface,
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be coupled with the first memory of the tool when the battery pack is attached to the
tool, and

rewrite the current pass code stored in the first memory of the tool to the fourth pass
code when the third pass code matches the current pass code of the first memory.

In the twenty-sixth embodiment, the power tool system as in the twenty-fifth em-
bodiment is modified such that the fifth controller is further adapted or configured to:

receive a first pass code inputted to the user interface while the adapter is attached to
the battery pack, and

perform an operation of receiving and storing the third and fourth pass codes only
when the inputted first pass code matches the pass code stored in the second memory
of the battery pack.

In the twenty-seventh embodiment, the power tool system as in any preceding em-
bodiment further comprises a (the) charger adapted or configured to be detachably
attached to the battery pack, the charger including a third memory adapted or
configured or adapted to store at least one pass code; an (the) adapter adapted or
configured to be detachably attached to the battery pack, the adapter including a user
interface adapted or configured to receive a pass code inputted by a user; and a sixth
controller at least partially provided in the battery pack, the sixth controller being
adapted or configured to:

be coupled with the user interface when the adapter is attached to the battery pack,

receive and store a fifth pass code and a sixth pass code inputted via the user
interface while the adapter is attached to the battery pack,

be coupled with the third memory of the charger when the battery pack is attached to
the charger, and

rewrite the current pass code stored in the third memory of the charger to the sixth
code when the fifth pass code matches the current pass code of the third memory.

In the twenty-eighth embodiment, the power tool system as in the twenty-seventh
embodiment is modified such that the sixth controller is further adapted or configured
to:

receive a first pass code inputted via the user interface while the adapter is attached
to the battery pack, and

perform an operation of receiving and storing the fifth and sixth pass codes only
when the inputted first pass code matches the pass code stored in the second memory
of the battery pack.

The terms "first controller”, "second controller”, "third controller”, etc. used herein
may be understood as encompassing embodiments, in which each controller is separate
and unique controller, as well as embodiments, in which the functions of two or more

"first", "second", "third", etc. controllers are implemented in a single controller device.
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That is, in the latter embodiments, the usage of the numerical identifier "first",
"second", "third", etc. is only intended to correspond to a particular function or set of
functions associated therein and is not intended to imply that such function(s) must be
implemented using a plurality of controllers.

In another aspect of the present teachings, any of the above-described adapters
preferably include, in addition or in the alternative to the any of the following circuitry
or functionality, means for wirelessly communicating with an external device, e.g., an
external device that comprises a data input device, a controller (computing means, mi-
croprocessor(s), etc.) and/or a display, such as a smart phone. Such adapters are
adapted or configured to provide an anti-theft function or key.

For example, one or more of the power tool, the battery pack and the battery charger
may include an electronic lock, i.e. a device that prevents or blocks operation of the
power tool and/or the battery pack and/or the charger when a "key", e.g., pass code or a
password, e.g., an encrypted password, is not received by the electronic lock. The
adapter may include communication means for communicating the necessary key to
the electronic lock in order to enable and/or disable usage of the power tool and/or
battery pack.

For example, the external device, which may be a computer or server connected to a
wireless access point (e.g., a wireless router) located at a manufacturing facility or a
construction site, may wirelessly broadcast the key in the vicinity of the worksite.
When the adapter receives the key, the adapter communicates the key to the power tool
and/or battery pack, thereby enabling usage thereof. The power tool and/or battery
pack may be configured to operate for a certain amount of time, e.g., one hour, one
day, etc., after receiving the key and to then require the key to be re-input again within
the certain period of time in order to continue uninterrupted operation of the power tool
and/or battery pack. If the key is not timely received, the electronic lock may internally
shut off operation of the power tool and/or battery pack in a manner that can not be
overridden unless the adapter, battery pack or power tool is brought into commu-
nication with the external device again. Such an embodiment provides a theft-de-
terrence, because the power tool and/or battery pack can only be used at a worksite
where the key is being broadcast.

The "external device" according to the present teachings is not particularly limited, as
long as it comprises a means for communicating, e.g., wirelessly, with the adapter. The
external device may generally comprise circuitry adapted or configured to analyze and/
or display information transmitted from the adapter to the external device and/or to
transmit information from the external device to the adapter for use by the battery pack
or power tool. The external device may be "dumb" in that it basically only comprises

the communication means and the display, such that the external device merely
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displays the information calculated or generated by the adapter. Or, the external device
may be "smart" in that comprises the communication means and at least one controller,
e.g., one or more microprocessors and one or more memory and/or storage devices,
such that the external device is capable of processing and/or analyzing data received
from the adapter, as well as generating data and/or instructions to be transmitted to the
battery pack and/or power tool via the adapter. The external device may directly com-
municate the information to the user, e.g., via a display, or may further communicate
the information to another external device that serves as an (another) interface with the
user.

For example, the external device may be a hand-held or portable device, such as a
mobile telephone (e.g., a "smart phone"), a personal data assistant (PDA), a tablet
computer, a portable (laptop) computer, a dedicated portable electronic device, etc., or
it may be a device intended to remain in a fixed location, such as a personal (desktop)
computer, a server or a mainframe.

In the alternative, the external device may be "dumb", such as a dedicated display/
input device or a phone that is not itself capable of executing programs for operating
the adapter, battery pack or power tool. For example, the adapter could be configured
to send a text (SMS) message or email message to the phone. Or, the adapter may be
configured to send information for display on the dedicated display/input device and to
receive information/instructions that are input at the dedicated display/input device.

Naturally, other possibilities for communicating the key to the power tool and/or
battery pack via the adapter are possible, such as wired connections. In such an em-
bodiment, the adapter may be directly connected to the external device in order to
enable usage of the adapter and/or to communicate the key to the adapter. In this case,
the adapter would be required to be physically proximal to the external device or to at
least an interface of the external device in order to obtain the necessary key.

The wireless communication protocol for communication between the adapter and
the external device is not particularly limited according to the present teachings and
may be one or more of a wireless local area network (WLAN) device, e.g., a WiFi
network interface controller or access point (i.e. operating according to the wireless
communication protocol specified by IEEE 802.11), a Bluetooth(registered) commu-
nication device, cordless telephony or cellular (mobile) network devices, radio (RF)
communication devices or any other type of known or future-developed wireless com-
munication technology.

In another aspect of the present teachings, the adapter may comprise means for de-
tachably connecting to only the power tool, a controller, such as at least one micro-
processor, at least one memory or storage device in communication with the controller,

and at least one communication port configured to electrically communicate with a
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controller, such as at least one microprocessor, located in the power tool.

In this aspect, when a battery pack is connected to the power tool, which battery pack
includes a controller, such as at least one microprocessor, a communication path is es-
tablished such that the battery pack controller communicates with the adapter
controller via the power tool controller.

In another aspect of the present teachings, the adapter may comprise means for de-
tachably connecting to only the battery pack, a controller, such as at least one micro-
processor, at least one memory or storage device in communication with the controller,
and at least one communication port configured to electrically communicate with a
controller, such as at least one microprocessor, located in the battery pack.

In this aspect, when a battery pack is connected to the power tool, which power tool
includes a controller, such as at least one microprocessor, a communication path is es-
tablished such that the power tool controller communicates with the adapter controller
via the battery pack controller.

In such an arrangement, the adapter is not required to contain wiring for conducting
current between the battery pack and the power tool, thereby minimizing space and
manufacturing requirements. In addition or in the alternative, the adapter can be
adapted or configured to be more firmly or fixedly attached to the power tool than con-
ventional adapters, so that the adapter will not be readily dislodged from the power
tool during operation.

In a preferred embodiment of this aspect of the present teachings, each of the battery
pack, power tool and adapter preferably comprises at least one controller, such as at
least one microprocessor or microcontroller. In this case, the adapter controller(s)
preferably communicates with the battery pack controller(s) via the power tool
controller(s) and thus the adapter controller(s) indirectly communicate(s) with the
battery pack controller(s).

In another aspect of the present teachings, the adapter may comprise first means for
detachably connecting to the battery pack, second means for detachably connecting to
the power tool, a controller, such as at least one microprocessor, at least one memory
or storage device in communication with the controller, at least one first commu-
nication port configured to electrically communicate with a controller, such as at least
one microprocessor, located in the battery pack, and at least one second commu-
nication port configured to electrically communicate with a controller, such as at least
one microprocessor, located in the power tool.

In this aspect, when the adapter is connected to the battery pack and to the power
tool, a communication path is established such that the battery pack controller com-
municates with the adapter controller and the adapter controller communicates with the

power tool controller.
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In another preferred embodiment of this aspect of the present teachings, the adapter
according to any preceding embodiment or aspect may be provided without the power
tool and/or the battery pack.

In another aspect of the present teachings, the power tool and/or the battery pack may
include one or more of such wireless communication means, in which case the adapter
may be omitted, such that the external device communicates directly with the battery
pack and/or the power tool.

The electronic lock may also be referred to interchangeably as an electronically-
actuated lock.

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

Brief Description of Drawings

FIG. 1 shows a schematic block diagram of a first embodiment of a power tool
system according to the present teachings.

FIGS. 2 to 4 respectively show a tool memory, a charger memory and a battery pack
memory of the first embodiment.

FIG. 5 shows a flowchart of a representative, non-limiting authentication process that
may be performed between a battery pack and a hand-held power tool.

FIG. 6 shows a flowchart of a representative, non-limiting authentication process that
may be performed between the battery pack and a charger.

FIG. 7 shows a flowchart of a representative, non-limiting electronic lock process.

FIGS. 8-11 respectively show flowcharts of representative, non-limiting processes
for changing the pass code(s) of the battery pack, the power tool and the charger.

FIG. 12 shows a schematic block diagram of a second embodiment of power tool
system according to the present teachings.

FIGS. 13-15 respectively show flowcharts of representative, non-limiting processes
for changing the pass code(s) of the battery pack, the power tool and the charger of the
second embodiment.

FIG. 16 shows a schematic block diagram of a third embodiment of power tool
system according to the present teachings.

FIG. 17 shows a flowchart of a representative, non-limiting process for changing the
pass code(s) of the battery pack, the power tool and the charger of the third em-
bodiment.

FIG. 18 shows a schematic block diagram of a fourth embodiment of power tool
system according to the present teachings.

FIG. 19 shows a flowchart of a representative, non-limiting process for changing the
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pass code(s) of the battery pack, the power tool and the charger of the fourth em-
bodiment.
DETAILED DESCRIPTION

Representative, non-limiting examples of the present invention will now be described
in further detail with reference to the attached drawings. 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 additional features and teachings disclosed below
may be utilized separately or in conjunction with other features and teachings to
provide improved power tools, battery packs, adapters and/or chargers, as well as
methods for making and using the same.

Moreover, combinations of features and steps disclosed in the following detail 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 above-described aspects and embodiments and the
below-described representative examples, as well as the various independent and
dependent claims, may be combined in ways that are not specifically and explicitly
enumerated in order to provide additional useful embodiments 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 compositions of the features in the embodiments and/or the 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.

FIG. 1 shows a schematic block diagram of a first embodiment of a power tool
system 1 according to the present teachings. The power tool system 1 may generally
comprise a hand-held power tool 10, a battery pack 40, a charger 120, and an adapter
70, although the charger 120 and adapter 70 may be optional in certain embodiments
of the present teachings.

The hand-held power tool 10 is provided with an electric motor 10 or a solenoid that
drives a tool, e.g., a chuck 30 having a tool bit 31 mounted therein. A cut-off switch 20
is disposed in a circuit that supplies driving current to the motor M. The cut-off switch
20 may be, but is not limited to, a semiconductor switch, e.g., one or more FET(s), e.g.,
one or more power FET(s). The cut-off switch 20 may also be configured or adapted to
supply current to the motor M or solenoid according to pulse-width modulation
techniques in order to control the rotational speed and/or torque applied to the tool, as

is well known in the art.
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The hand-held power tool 10 further comprises a circuit board 13 including a tool
controller 12, such as one or more processors, microprocessors, state machines, digital
logic, etc. In the present embodiment, the tool controller 12 comprises at least one
processor 13 and at least one tool memory 16. The tool memory 16 stores programs
and data for the processor(s) 13. The tool controller 12 is adapted or configured to turn
ON and OFF the cut-off switch 20 according to the user's operation/actuation of a
trigger switch 28.

The battery pack 40 is adapted or configured to be detachably attached to the hand-
held power tool 10. The battery pack 40 includes a plurality of rechargeable battery
cells 50, e.g., lithium-ion cells. The battery pack 40 is adapted or configured to supply
current to the hand-held power tool 10 when the battery pack 40 is attached to the
hand-held power tool 10. The battery pack 40 further comprises at least battery pack
controller 42, such as one or more processors, microprocessors, state machines, digital
logic, etc. In the present embodiment, the battery pack controller 42 comprises at least
one processor 43 and at least one battery pack memory 46. The battery pack memory
46 stores programs and data for the processor(s) 43.

When the battery pack 40 is attached to the hand-held power tool 10, the battery pack
controller 42 communicates with the tool controller 12 so that the battery pack
controller 42 accesses the tool memory 16 to read and write data therein. In addition, in
the present embodiment, the battery pack controller 42 is electrically connected to the
cut-off switch 20 without passing through the tool controller 12 such that the battery
controller 42 directly controls the cut-off switch 20 of the hand-held power tool 10.
However, the cut-off switch 20 may be entirely controlled by the tool controller 12,
such that the battery controller 42 outputs tool disable/enable signals to the tool
controller 12.

The charger 120 is adapted or configured to be detachably attached to the battery
pack 40 and to charge the battery pack 40 when it is attached thereto. A cut-off switch
138 is disposed in a circuit that supplies charging current to the battery pack 40. The
charger 120 further comprises at least one charger controller 122, such as one or more
processors, microprocessors, state machines, digital logic, etc. In the present em-
bodiment, the charger controller 122 comprises at least one processor 123 and at least
one charger memory 126. The charger memory 126 stores programs and data for the
processor(s) 123. The charger controller 122 is adapted or configured to turn ON and
OFF the cut-off switch 138 according to one or more charging program(s) and data.

When the battery pack 40 is attached to the charger 120, the battery pack controller
42 communicates with the charger controller 122 so that the battery pack controller 42
can access the charger memory 126 to read and write data therein. In addition, the

battery controller 42 may be electrically connected to the cut-off switch 138 of the
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charger 120 without passing through the charger controller 122 such that the battery
controller 42 directly controls the cut-off switch 138 of the charger 120. Although it is
again possible for the battery controller 42 to output charger disable/enable signals to
the charger controller 122 in order to determine whether the cut-off switch 138 is
activated or de-activated.

The adapter 70 is adapted or configured to be detachably attached to the hand-held
power tool 10, preferably only to the hand-held power tool 10 (i.e. the adapter 70 does
not physically engage the battery pack 40, although the adapter 70 may contact the
battery pack 40). In the present embodiment, the adapter 70 is a communication
adapter that is capable of wireless communication with an external device 100, such as
mobile or portable device, e.g., a smart phone, personal data assistant, tablet computer,
etc.

Mobile devices 100 according to this embodiment of the present teachings may
generally include at least one user interface 110, such as an alphanumeric keypad, a
display 104 (which may be combined with the user interface 100, each as a touch
screen) and at least one processor 102. A not-shown memory may also be included in
the mobile device 100. In this embodiment, the mobile device 100 serves as the user
interface for the adapter 70 and for the power tool system 1.

FIGS. 2 to 4 respectively show the tool memory 16, the charger memory 126 and the
battery pack memory 46. Each memory 16, 46, 126 comprises at least one pass code
memory that stores a main (primary) pass code and a plurality of sub (secondary) pass
codes. As will be described below, the main and sub pass codes can be set and changed
by the user or a tool administrator.

Preferably, the battery pack memory 46 also further comprises a lock memory 47 for
an electronic lock function and a forwarding memory 49 for forwarding pass codes.
The lock memory 47 stores, e.g., lock key data, unlock key data and current state data.
The lock key data includes at least one condition to be satisfied in order to elec-
tronically lock (i.e. disable) the battery pack 40 and/or the power tool 10 and/or the
charger 120. The unlock key data includes at least one condition to be satisfied in order
to electronically unlock (i.e. release the lock of) the battery pack 40 and/or the power
tool 10 and/or the charger 120, thereby enabling usage of the battery pack 40 and/or
the power tool 10 and/or the charger 120.

The conditions for electronically locking and unlocking each may be or include a
particular operation/actuation pattern of the trigger 28, a period of time during which
the battery pack 40 is not used, or the inputting of the main or sub pass code. The
current state data includes information concerning whether the battery pack 40 is
currently in a locked (disabled) or unlocked (enabled) state. The forwarding memory

49 stores pass codes to be forwarded to the power tool 10 or the charger 120, as will be



20

WO 2013/014890 PCT/JP2012/004607

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

discussed further below.

The lock memory and forwarding memory could, in the alternative, be provided in
the power tool memory 16 and/or in the charger memory 126 and/or in an adapter
memory.

FIG. 5 shows a flowchart of a representative, non-limiting authentication process 500
that may be performed between the battery pack 40 and the hand-held power tool 10.
As will be further described below, the battery pack 40 is adapted or configured to
power (supply current to) the hand-held power tool 10 only when at least one pass
code of the battery pack 40 matches at least one pass code of the hand-held power tool
10. That is, no power (current) will be supplied if a match can not be found.

When the battery pack 40 is attached to the hand-held power tool 10 (YES in S502),
the battery pack controller 42 reads the pass codes stored in the battery pack memory
46 in step S504. Then, in step S506, the battery pack controller 42 accesses the tool
memory 16 and reads the pass codes stored therein. The battery pack controller 42 then
verifies whether at least one pass code of the hand-held power tool 10 matches at least
one pass code of the battery pack 40 in step S508 by performing a direct comparison of
the pass codes stored in the tool memory 16 with the pass codes stored in the battery
pack 40.

If the determination is YES in step S508, the battery pack controller 42 allows or
causes the cut-off switch 20 of the hand-held power tool 10 to be turned/switched ON
when the user operates (e.g., squeezes) the trigger 28 in step S512.

On the other hand, if the determination is NO in step S508, the battery pack
controller 42 prevents or blocks (disables) the cut-off switch 20 from being turned ON
in step S510 even if the user activates/actuates the trigger 28.

According to this authentication process 500, in case the battery pack 40 is stolen, the
stolen battery pack 40 is prevented or blocked from being used with a power tool that
does not contain the required pass code(s) that enable(s) operation of the battery pack
40, thereby at least reducing the incentive to steal the battery pack 40 and attempt to
use it with other power tools.

FIG. 6 shows a flowchart of a representative, non-limiting authentication process 600
that may be performed between the battery pack 40 and the charger 120. As will be
described below, the battery pack 40 is adapted or configured to be charged only when
at least one pass code of the battery pack 40 matches at least one pass code of the
charger 120.

When the battery pack 40 is attached to the charger 120 (YES in S602), the battery
pack controller 42 reads the pass codes stored in the battery pack memory 46 in step
S604. Then, in step S606, the battery pack controller 42 accesses the charger memory

126 and reads the pass codes stored therein. The battery pack controller 42 verifies
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whether at least one pass code of the battery pack 40 matches at least one pass code of
the charger 120 in step S608 by performing a direct comparison of the pass codes
stored in the charger memory 126 with the pass codes stored in the battery pack 40.

If the determination is YES in step S608, the battery pack controller 42 allows or
causes the cut-off switch 138 of the charger 120 to be turned ON in step S612 in ac-
cordance with a charging operation performed by the charger controller 122.

On the other hand, if the determination is NO in step S608, the battery pack
controller 42 prevents the cut-off switch 138 from being turned ON, such that the
charging operation will not be initiated in step S610, i.e. charging of the battery pack
40 will be blocked. Therefore, in case both the power tool 10 and battery pack 40 are
stolen, the stolen battery pack 40 is prevented from being further used after the charge
in the battery pack 40 has been depleted, because it can not be recharged by an unau-
thorized charger, i.e. a charger that does not contain the necessary pass code(s).

FIG. 7 shows a flowchart of a representative, non-limiting electronic lock process
700. As will be described below, the battery pack 40 is adapted or configured to be
electrically locked and unlocked by the user or a tool administrator.

When the battery pack 40 is attached to the power tool 10 (YES in S702), the battery
pack controller 42 checks the lock memory 47 in step S704 to determine whether the
battery pack 40 is currently locked or not. If the battery pack 40 is currently electrically
locked, the battery controller 42 goes to step S712 and prevents/blocks the cut-off
switch 20 of the power tool 10 from turning ON, so that the motor M of the power tool
10 will not be energized.

The battery pack 40 will remain electrically locked until an unlock operation using
unlock key data is performed in step S714. Otherwise, the battery pack controller 42
goes to step S706 and checks whether an auto lock is needed or not.

In one exemplary example of determining whether the auto lock is needed, if the
battery pack 40 is not used for a period of time that is identified in the lock key data as
a condition for electrically locking, it is determined that the auto lock is needed and
thus the battery pack controller 42 goes to step S712 to automatically lock the battery
pack 40.

If the determination is NO in S706, the battery pack controller 42 goes to step S708
and checks whether a lock operation is performed or not. For example, if the user
operates the trigger 28 a certain (predefined or predetermined) number of times that is
identified in the lock key data as a condition for electrically locking, the lock operation
has been performed and then the battery pack controller 42 goes to step S712 to lock
the battery pack 40.

On the other hand, if the determination is NO in S708, the battery pack controller 42

goes to step S710 and allows or causes the cut-off switch 20 of the power tool 10 to
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turn ON in accordance with actuation or operation of the trigger 28 by the user. This is
the unlocked state.

FIGS. 8 to 11 respectively show flowcharts of representative, non-limiting processes
800, 900, 1000, 1100 for changing the pass code(s) of the battery pack 40, the power
tool 10 and the charger 120. In order to change (or newly set) the pass code(s) of any
of these devices, the battery pack 40 and the adapter 70 must be attached to the power
tool 10 (steps S802, S804). Then, the user selects a pass code changing mode via the
mobile device 100 (e.g., smartphone) in S806. Otherwise, Process 500 in FIG. 5 is
performed.

If the user selects to change the pass code(s) of the battery pack 40 in step S808, the
process 900 shown in FIG. 9 is performed. If the user selects to change the pass
code(s) of the power tool 10 in step S810, the process 1000 shown in FIG. 10 is
performed. If the user selects to change the pass code(s) of the charger 120, the process
1100 shown in FIG. 11 is performed.

In the process 900 shown in FIG. 9, the pass code(s) of the battery pack 40 is (are)
changed or newly set. A default (i.e. factory-set) main pass code may be stored in a
brand new battery pack 40. In step S902, the user is requested to input the current main
pass code of the battery pack 40, e.g., via the mobile device 100 or via a user interface
on the adapter 70. In step S904, the battery pack controller 42 receives the inputted
pass code. In step S906, the battery pack controller 42 verifies/checks/determines
whether the inputted pass code matches the main pass code stored in the battery pack
memory 46.

If the determination is YES in step S906, the battery pack controller 42 sends the
current main pass code and sub pass codes to the adapter 70 and/or the external
(mobile) device 100 via the tool controller 12 and then the adapter 70 or external
(mobile) device 100 shows (displays) the pass codes to the user in step S908, e.g., on
the display 104. In step S910, the adapter 70 or external (mobile) device 100 requests
the user to input a new main pass code and/or a sub pass code. In step S912, the battery
pack controller 42 receives the new pass code(s) and rewrites the current pass code(s)
to the new pass code(s) in the battery pack memory 46. Thus, the pass code(s) of the
battery pack 40 can be changed.

In the process 1000 shown in FIG. 10, the pass code(s) of the power tool 10 are
changed or newly set. The battery pack controller 42 may also be primarily responsible
for carrying out the process of changing/setting the pass code(s) of the power tool 10.

In optional step S1002, the adapter 70 or external (mobile) device 100 requests the
user to input the current main pass code of the battery pack 40. In optional step S1004,
the battery pack controller 42 receives the inputted pass code. In optional step S1006,

the battery pack controller 42 verifies/checks/determines whether the inputted pass
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code matches the main pass code stored in the battery pack memory 46. If the deter-
mination is YES in step S1006, the process goes to step S1008 and allows the user to
change the pass code(s) of the power tool 10. That is, in this embodiment, the main
pass code of the battery pack 40 is required even when the pass code(s) of the power
tool 10 is (are) to be changed. Accordingly, the use of the stolen battery pack 40 to
change the pass code(s) of the power tool 10 is prevented. However, steps S1002 to
S1006 are optional and may be omitted.

In step S1008, the adapter 70 or external (mobile) device 100 requests the user to
input the current main pass code of the power tool 10. In step S1010, the adapter 70 or
external (mobile) device 100 requests the user to input a new main pass code and/or a
sub pass code(s) for the power tool 10. In step S1012, the battery pack controller 42
receives and stores the pass codes inputted in steps S1008 and S1010. In step S1014,
the battery pack controller 42 accesses the tool memory 16 and reads the main pass
code of the power tool 10 stored therein. In step S1016, the battery pack controller 42
verifies/checks/determines whether the main pass code inputted in step S1008 matches
the main pass code read in step S1014.

If the determination is YES in step S1016, the process goes to step S1018 and
rewrites the current pass code(s) to the new pass code(s) in the tool memory 16. Then,
the battery pack controller 42 erases the pass code(s) for the power tool 10 from the
battery pack memory 46 in step S1020.

If the determination is NO in step S1016, the process goes to step S1020 and erases
the pass code(s) for the power tool 10 from the battery pack memory 46 without
rewriting the pass code(s) of the power tool 10. Thus, the pass code of the power tool
10 can be changed only if the user knows/inputs the current main pass code of the
power tool 10.

In the process 1100 shown in FIG. 1100, the pass code(s) of the charger 120 is (are)
changed or newly set. Again, the battery pack controller 42 may be primarily re-
sponsible for carrying out the process of changing the pass code(s) of the charger 120.

In optional step S1102, the adapter 70 or external (mobile) device 100 requests the
user to input the current main pass code of the battery pack 40. In optional step S1104,
the battery pack controller 42 receives the inputted pass code. In optional step S1106,
the battery pack controller 42 verifies/checks/determines whether the inputted pass
code matches the main pass code stored in the battery pack memory 46. If the deter-
mination is YES in S1106, the process goes to step S1108 and allows the user to
change the pass code of the charger 120. However, similar to the process 1000, steps
S1102 to S1106 are also optional and may be omitted.

In step S1108, the adapter 70 or external (mobile) device 100 requests the user to
input the current main pass code of the charger 120. In step S1110, the adapter 70 or
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external (mobile) device 100 requests the user to input a new main pass code and/or a
sub pass code(s) for the charger 120. In step S1112, the battery pack controller 42
receives and stores the pass code(s) inputted in steps S1108 and S1110. Note that, at
this time the battery pack 40 is attached to the power tool 10 and is separated
(detached) from the charger 120. Therefore, the battery pack controller 42 stores the
pass code(s) for the charger 120 for subsequent use when the battery pack 40 is
attached to the charger 120 in step S1114.

If the determination is YES in step S1114, the process goes to step S1116 and the
battery pack controller 42 accesses the charger memory 126 and reads the main pass
code of the charger 120 stored therein. In step S1118, the battery pack controller 42
verifies/checks/determines whether the main pass code inputted in step S1108 matches
the main pass code read in S1116.

If the determination is YES in step S1018, the process goes to step S1120 and
rewrites the current pass code(s) to the new pass code(s) in the charger memory 126.
Then, the battery pack controller 42 erases the pass code(s) for the charger 120 from
the battery pack memory 46 in step S1122.

If the determination is NO in step S1118, the process goes to step S1122 and erases
the pass code(s) for the charger 120 from the battery pack memory 46 without
rewriting the pass code(s) of the charger 120.

Thus, the pass code(s) of the charger 120 can be changed only if the user knows/
inputs the current main pass code of the charger 120.

In this process, the battery pack 40 acts as a messenger because the adapter 70 or
external (mobile) device 100, which includes the user interface, cannot be directly
attached to (or directly communicate with) the charger 120. Therefore, in this process,
the forwarded pass code is erased from the battery pack memory 46 (memory 49) when
the pass code(s) in the charger 120 is (are) rewritten. However, the timing of erasure
may also be, but is not limited to, at the time when a predetermined number of chargers
120 are rewritten or at the time when a predetermined period of time has elapsed.

FIG. 12 shows a schematic block diagram of a second embodiment of power tool
system 1 according to the present teachings. The power tool system 1 again comprises
a hand-held power tool 10, a battery pack 40 and a charger 120. However, in this em-
bodiment, the charger 120 includes a user interface 142. Although the size of the
charger 120 may be increased by including the user interface 142, the size of the power
tool 10 and the battery pack 40 will not be enlarged. The adapter 70 may be omitted in
this embodiment or the adapter may be adapted or configured to physically and elec-
trically connect to the charger 120 in order to provide the user interface, such as an al-
phanumerical keypad and/or a display (e.g., a touch screen).

All other features of the first embodiment described in connection with FIG. 1 may
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be utilized with the second embodiment and are included herein by reference.

FIGS. 13 to 15 respectively show flowcharts of representative, non-limiting
processes for changing the pass code(s) of the battery pack 40, the power tool 10 and
the charger 120 of the second embodiment.

In order to change (or newly set) the pass code(s), the battery pack 40 must be
attached to the charger 120, as determined in step S1302. Then, in step S1306, the user
selects a pass code changing mode using the user interface 142 on the charger 120.
Otherwise, the authentication process for charging the battery pack 40 is performed
according to the process 600 shown in FIG. 6.

If the user selects to change the pass code(s) of the battery pack 40 in step S1308, the
process 900 shown in FIG. 9 is performed as described above. If the user selects to
change the pass code(s) of the power tool 10 in step S1310, the process 1400 shown in
FIG. 14 is performed. If the user selects to change the pass code(s) of the charger 120,
the process 1500 shown in FIG. 15 is performed.

In the process 1400 shown in FIG. 14, the pass code(s) of the power tool 10 are
changed or newly set. Again, the battery pack controller 42 may be primarily re-
sponsible for executing the process for changing the pass code(s) of the power tool 10,
although the charger controller 122 may also execute this process, in whole or in part.

In optional step S1402, the user interface 142 requests the user to input the current
main pass code of the battery pack 40. In optional step S1404, the battery pack
controller 42 receives the inputted pass code. In optional step S1406, the battery pack
controller 42 verifies/checks/determines whether the inputted pass code matches the
main pass code stored in the battery pack memory 46. If the determination is YES in
step S1406, the process goes to step S1408 and allows the user to change the pass
code(s) of the power tool 10. Again, steps S1402 to 1406 are optional and may be
omitted.

In step S1408, the user interface 142 requests the user to input the current main pass
code of the power tool 10. In step S1410, the user interface 142 requests the user to
input a new main pass code and/or a sub pass code(s) for the power tool 10. In step
S1412, the battery pack controller 42 receives and stores the pass codes inputted in
steps S1408 and S1410. Note that, at this time the battery pack 40 is attached to the
charger 120 and is separated (detached) from the power tool 10. Therefore, the battery
pack controller stores the pass code(s) for the power tool 10 for subsequent use when
the battery pack 40 is attached to the power tool 10 in step S1414.

If the determination is YES in step S1414, the process goes to step S1416 and the
battery pack controller 42 accesses the tool memory 46 and reads the main pass code
of the power tool 10 stored therein. In step S1418, the battery pack controller 42

verifies/checks/determines whether the main pass code inputted in step S1408 matches
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the main pass code read in S1416.

If the determination is YES in step S1418, the process goes to step S1420 and
rewrites the current pass code(s) to the new pass code(s) in the tool memory 16. Then,
the battery pack controller erases the pass code(s) for the power tool 10 from the
battery pack memory 46 (memory 49) in step S1422.

If the determination is NO in step S1418, the process goes to step S1422 and erases
the pass code for the power tool 10 from the battery pack memory 46 (memory 49)
without rewriting the pass code(s) of the power tool 10. In this embodiment, the battery
pack 40 acts as the messenger in order to rewrite the pass code(s) of the power tool 10.

In the process 1500 shown in FIG. 1500, the pass code(s) of the charger 120 is (are)
changed or newly set. Again, the battery pack controller 42 may be primarily re-
sponsible for executing this process, although the charger controller 122 may also
execute this process, in whole or in part.

In optional step S1502, the user interface 142 requests the user to input the current
main pass code of the battery pack 40. In optional step S1504, the battery pack
controller 42 receives the inputted pass code. In optional step S1506, the battery pack
controller 42 verifies/checks/determines whether the inputted pass code matches the
main pass code stored in the battery pack memory 46. If the determination is YES in
S1506, the process goes to step S1508 and allows the user to change the pass code of
the charger 120. Again, steps S1502 to 1506 are optional and may be omitted.

In step S1508, the user interface 142 requests the user to input the current main pass
code of the charger 120. In step S1510, the user interface 142 requests the user to input
a new main pass code and/or a sub pass code(s) for the charger 120. In step S1512, the
battery pack controller 42 receives and stores the pass code(s) inputted in steps S1508
and S1510. In step S1514, the battery pack controller 42 accesses the charger memory
126 and reads the main pass code of the charger 120 stored therein. In step S1516, the
battery pack controller 42 verifies/checks/determines whether the main pass code
inputted in step S1508 matches the main pass code read in S1514.

If the determination is YES in step S1516, the process goes to step S1518 and
rewrites the current pass code(s) to the new pass code(s) in the charger memory 126.
Then, the battery pack controller 42 erases the pass codes for the charger 120 from the
battery pack memory 46 (memory 49) in step S1520.

If the determination is NO in step S1516, the process goes to step S1120 and erases
the pass code for the charger 120 from the battery pack memory 46 (memory 49)
without rewriting the pass code(s) of the charger 120. Thus, the pass code of the
charger 120 can be changed only if the user knows/inputs the current main pass code
of the charger 120.

FIG. 16 shows a schematic block diagram of a third embodiment of power tool
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system 1 according to the present teachings. This power tool system 1 again comprises
a hand-held power tool 10, a battery pack 40, a charger 120 and adapter 70. However,
in this embodiment, the adapter 70 is adapted or configured to be detachably attached
to the charger 120 and the adapter 70 serves as a wireless interface with an external
phone 100 having a user interface 110. Therefore, the charger 120 includes one or
more adapter communication terminal(s) 124 for electrically communicating with the
adapter 70.

In the present embodiment, the external device 100 will be exemplified as a mobile
device (e.g., a smart phone), although any of the external devices 100 described herein
may be utilized with this embodiment.

All other features of the first and second embodiments described in connection with
FIGS. 1 and 12 may be utilized with the third embodiment and are included herein by
reference.

FIG. 17 shows a flowchart of a representative, non-limiting process 1700 for
changing the pass code(s) of the battery pack 40, the power tool 10 and the charger 120
of the third embodiment.

In order to change (or newly set) the pass code(s) of any of these devices, the battery
pack 40 and the adapter 70 must be attached to the charger 120, as determined in steps
S1702 and S1704. Then, the user selects a pass code changing mode via the mobile
device 100 and the charger 120 in step S1706. Otherwise, the process for charging the
battery pack 40 is performed according to the process 600 shown in FIG. 6.

If the user selects to change the pass codes of the battery pack 40 in step S1708, the
process 900 shown in FIG. 9 is performed as described above. If the user selects to
change the pass codes of the power tool 10 in step S1710, the process 1400 shown in
FIG. 14 is performed as described above. If the user selects to change the pass codes of
the charger 120, the process 1500 shown in FIG. 15 is performed as described above.

FIG. 18 shows a schematic block diagram of a fourth embodiment of a power tool
system 1 according to the present teachings. Again, the power tool system 1 comprises
a hand-held power tool 10, a battery pack 40, a charger 120 and adapter 70.

However, in this embodiment, the adapter 70 is adapted or configured to be de-
tachably attached to the battery pack 40 and again serves as a wireless interface for a
mobile phone 100 having a user interface 110. Therefore, the battery pack 40 includes
one or more adapter communication terminal(s) 54 for electrically communicating with
the adapter 70.

In the present embodiment, the external device 100 again will be exemplified as a
mobile device (e.g., a smart phone), although any of the external devices 100 described
herein may be utilized with this embodiment.

FIG. 19 shows a flowchart of a representative, not-limiting process 1900 for
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changing the pass code of the battery pack 40, the power tool 10 and the charger 120 of
this embodiment. In order to change (or newly set) the pass code(s), the adapter 70
must be attached to the battery pack 40, as determined in step S1902. However, in this
embodiment, it does not matter whether the battery pack 40 is attached to or detached
from the power tool 10 or the charger 120.

Then, the user selects a pass code changing mode via the mobile device 100 in step
S1906. Otherwise, the process for charging the battery pack 40 (as shown in FIG. 6) is
performed.

If the user selects to change the pass codes of the battery pack 40 in step S1908, the
process 900 shown in FIG. 9 is performed as described above. If the user selects to
change the pass codes of the power tool 10 in step S1910, the process 1400 shown in
FIG. 14 is performed as described above. If the user selects to change the pass codes of
the charger 120, the process 1100 shown in FIG. 11 is performed.

The above-described embodiments may be modified in various ways without
departing from the scope of the present teachings.

For example, in the above-described embodiments, the electronic lock
(electronically-actuatable lock) was embodied as a cut off switch 20, 138 that can be
controlled to prevent or stop the flow of current to the power tool 10 and/or to the
battery pack 40.

However, it is also possible to provide a cut off switch in the battery pack 40, such
that the cut off switch prevents or stops the flow of current to the battery terminal(s) 52
in the event that matching pass codes are not found.

In addition or in the alternative, the electronic lock or electronically-actuatable lock
can be embodied in one or more of the following ways.

First, the power tool 10 can be adapted or configured to operate the motor M in a
random or irregular manner in case matching pass codes are not found. For example,
the motor M may be caused to randomly start and stop even though the trigger 28
remains depressed (activated). Such random tool behavior will prevent effective usage
of the power tool 10, thereby making it less desirable to steal.

Second, a mechanical lock may be included in the battery pack 40. For example, the
mechanical lock may include an engaging device, e.g., a pin, latch, hook, etc., that is
movable by an actuator, such as a solenoid. A corresponding aperture or other corre-
sponding/complementary engaging device may be provided in the power tool housing
32 and/or in the charger 120. In case matching codes are not found, the actuator could
be caused to move at least one of the engaging devices into engagement with the corre-
sponding/complementary engaging device, so that the battery pack 40 can not be
removed or detached from the power tool housing 32 or from the charger 120.

If the battery pack 40 is irremovably attached to the power tool 10, once the battery
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pack 40 is depleted of its stored energy, the power tool 10 can no longer be used,
unless and until the mechanical lock is deactivated so that the battery pack 40 can be
removed and recharged.

In the alternative, if the battery pack 40 is irremovably attached to the charger 120,
then neither the battery pack 40 nor the charger 120 can be further used, unless and
until an appropriate pass code is input to release the mechanical lock.

Third, the battery pack 40 may include a forcible discharge circuit that is activated in
case matching pass codes are not found. That is, in case the authorization pass code to
use the battery pack 40 is not properly entered, the battery pack 40 will be caused to
automatically discharge its stored energy, so that the battery pack 40 can no longer be
used.

Fourth, a separate, dedicated cut off switch may be provided in the power tool 10
and/or in the charger 120. That is, in the above-described embodiments, the cut off
switch 20 of the power tool 10 may simultaneously be utilized to perform pulse-width
modulation (PWM) of the current being supplied to the motor M, as is well known in
the art. Thus, in the above-described embodiments, when matching pass codes are
found, at least one of the controllers 12, 42 outputs a signal that enables the cut off
switch 120 to perform its normal PWM operation. However, when matching pass
codes are not found, at least one of the controllers 12, 42 outputs a signal that disables
the cut off switch 120 so that it can no longer perform its normal PWM operation.

In the alternative, a first PWM switch (FET) may be provided that is dedicated to
controlling the amount of current that is supplied to the motor M. A second switch FET
(i.e. a cut off switch) may be dedicated to solely the function of opening and closing
the current supply circuit to the motor M.

The charger 120 may be modified in a similar manner.

Fifth, if the pass codes do not match or otherwise correspond in a predetermined
manner, a disable signal may be stored in the tool memory 16, e.g., as a disable flag.
The tool processor 13 may be programmed to check whether the disable flag has been
set in the tool memory 16 prior to initiating PWM control of the PWM switch 20 in
response to the user's actuation of the trigger 28. Therefore, if the disable flag is set,
the tool processor 13 will be prohibited or blocked from initiating PWM control,
thereby cutting off the supply of current to the motor M and preventing further usage
of the power tool 10 until the disable flag has been written over.

Finally, although the present teachings were exemplified in detail with respect to an
electrically-powered hand-held tool that includes an electrically-drive motor and/or
solenoid, the present teachings may be applied to other types of tools and devices,

including pneumatically or fuel-driven tools.
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[0186]  1: power tool system

10

12:
13:
15:
16:
20:
22:
24
26:
28:
30:
31:
32:
40:
42:
45:
46 :
50:
52:
54:
56:
70:
72:
73:
74:

76
78

: cordless power tool
controller
circuit board
microprocessor
memory
power FET (cut off switch)
battery terminals
adapter communication terminal(s)
battery pack communication terminal(s) (I/O terminal(s))
trigger switch
tool chuck
tool bit
housing
battery pack
controller
microprocessor
memory
battery cell(s)
battery terminals
adapter communication terminal(s)
power tool communication terminal(s) (I/O terminal(s))
adapter
controller
microprocessor
communication terminal(s)
: memory

: communicator (wireless/user interface)

100: external device (e.g., smart phone)

102: controller
104: display
106 : memory

10

8: communicator

110: data input device/keyboard/touch screen

120: charger

122: controller
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123: microprocessor

124: adapter communication terminal(s)

126: memory

132: charging terminals

138: switch

140: plug

142: user interface (e.g., keyboard and/or display)

M: electric motor of power tool
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Claims
A power tool system (1) comprising:
a hand-held power tool (10) including a motor (M) or a solenoid
adapted or configured to drive a tool (30, 31), and a first memory (16)
adapted or configured to store at least one pass code;
a battery pack (40) adapted or configured to be detachably attached to,
and supply current to, the power tool, the battery pack including a
second memory (46) adapted or configured to store at least one pass
code;
a first electronically-actuatable lock (20) provided in the power tool
and/or in the battery pack, the first electronically-actuatable lock being
adapted or configured to selectively prohibit or impair operation of the
power tool; and
a first controller (12, 42) provided in the power tool and/or in the
battery pack, the first controller being adapted or configured to:
read the pass codes from the first and second memories when the
battery pack is attached to the power tool,
directly compare the pass codes from the first memory and the second
memory, and
cause the first electronically-actuatable lock to prohibit or impair
operation of the power tool when the pass codes do not match or
otherwise correspond in a predetermined manner.
The power tool system according to claim 1, wherein:
the first memory (16) and the second memory (46) are adapted or
configured to store a plurality of pass codes, and
the first controller (12, 42) is adapted or configured to:
directly compare the plurality of pass codes stored in the first memory
with the plurality of pass codes stored in the second memory, and
cause the first electronically-actuatable lock to prohibit or impair
operation of the power tool when no match is found between at least
one pass code stored in the first memory and at least one pass code
stored in the second memory.
The power tool system according to claim 2, wherein:
the plurality of pass codes includes a main (primary) pass code and at
least one sub (secondary) pass code, and
the first controller (12, 42) is adapted or configured to require input of

the main pass code to permit the at least one sub pass code to be stored,
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deleted and/or rewritten in the first memory (16) and/or in the second
memory (46).

The power tool system according to any preceding claim, further
comprising:

a charger (120) adapted or configured to be detachably attached to, and
to charge, the battery pack (40), the charger including a third memory
(126) adapted or configured to store at least one pass code;

a second electronically-actuatable lock (138) provided in the charger
and/or in the battery pack, the second electronically-actuatable lock
being adapted or configured to selectively prohibit or impair operation
of the charger and/or the battery pack; and

a second controller (42, 122) provided in the battery pack and/or in the
charger, the second controller being adapted or configured to read the
pass codes from the second and third memories (46, 126) when the
battery pack is attached to the charger, and to cause the second elec-
tronically-actuatable lock to prohibit or impair operation of the charger
and/or the battery pack when the pass codes of the second memory and
the third memory do not match or otherwise correspond in a prede-
termined manner.

The power tool system according to claim 4, wherein:

the second memory (46) and the third memory (126) are adapted or
configured to store a plurality of pass codes, and

the second controller (42, 122) is adapted or configured to:

directly compare the plurality of pass codes stored in the second
memory with the plurality of pass codes stored in the third memory,
and

cause the second electronically-actuatable lock to prohibit or impair
operation of the charger and/or the battery pack when no match is
found between at least one pass code stored in the second memory and
at least one pass code stored in the third memory.

The power tool system according to claim 5, wherein:

the plurality of pass codes includes a main (primary) pass code and at
least one sub (secondary) pass code, and

the second controller (42, 122) is adapted or configured to require input
of the main pass code to permit the at least one sub pass code to be
stored, deleted and/or rewritten in the second memory (46) and/or in
the third memory (126).

The power tool system according to any preceding claim, further
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comprising:

a third controller (12, 42) provided in the power tool (10) and/or in the
battery pack (40), wherein the third controller is adapted or configured
to cause the first electronically-actuatable lock (20) to prohibit or
impair operation of the power tool and/or the battery pack when a pre-
determined condition is fulfilled.

The power tool system according to claim 7, wherein the predetermined
condition is at least one of:

a predetermined operation performed by a user,

a predetermined time that has elapsed since the last activation of the
power tool (10),

the activation of the power tool a predetermined number of times, and/
or

the charging of the battery pack (40) a predetermined number of times.
The power tool system according to any preceding claim, further
comprising:

a (the) charger (120) adapted or configured to be detachably attached to
the battery pack (40), the charger having a user interface (142) adapted
or configured to receive a pass code inputted by a user, and

a fourth controller (42) at least partially provided in the battery pack,
the fourth controller being adapted or configured to:

be coupled with the user interface (142) when the battery pack is
attached to the charger,

receive a first pass code and a second pass code inputted via the user
interface, and

rewrite the current pass code stored in the second memory (46) to the
second pass code when the first pass code matches, or corresponds in a
predetermined manner with, the current pass code stored in the second
memory.

The power tool system according to any preceding claim, further
comprising:

a (the) charger (120) adapted or configured to be detachably attached to
the battery pack (40), the charger having a user interface (142) adapted
or configured to receive a pass code inputted by a user, and

a fifth controller (42) at least partially provided in the battery pack, the
fifth controller being adapted or configured to:

be coupled with the user interface (142) when the battery pack is
attached to the charger,
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receive and store a third pass code and a fourth pass code inputted via
the user interface while the battery pack is attached to the charger,

be coupled with the first memory (16) when the battery pack is attached
to the power tool, and

rewrite the current pass code stored in the first memory of the tool to
the fourth pass code when the third pass code matches, or corresponds
in a predetermined manner with, the current pass code stored in the first
memory.

The power tool system according to claim 10, wherein the fifth
controller (42) is further adapted or configured to:

receive a first pass code inputted via the user interface (142) while the
battery pack is attached to the charger, and

perform the operation of receiving and storing the third and fourth pass
codes only when the inputted first pass code matches, or corresponds in
a predetermined manner with, the pass code stored in the second
memory (46) of the battery pack (40).

The power tool system according to any preceding claim, further
comprising:

a (the) charger (120) adapted or configured to be detachably attached to
the battery pack (40), the charger including a (the) third memory (126)
adapted or configured to store at least one pass code and a (the) user
interface (142) adapted or configured to receive a pass code inputted by
a user, and

a sixth controller (42) at least partially provided in the battery pack, the
sixth controller being adapted or configured to:

be coupled with the user interface (142) and the third memory (126) of
the charger, respectively, when the battery pack is attached to the
charger,

receive and store a fifth pass code and a sixth pass code inputted via the
user interface while the battery pack is attached to the charger, and
rewrite the current pass code stored in the third memory of the charger
to the sixth pass code when the fifth pass code matches, or corresponds
in a predetermined manner with, the current pass code stored in the
third memory.

The power tool system according to claim 12, wherein the sixth
controller (42) is further adapted or configured to:

receive a first pass code inputted via the user interface (142) while the
battery pack (40) is attached to the charger (120), and
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perform the operation of receiving and storing the fifth and sixth pass
codes only when the inputted first pass code matches, or corresponds in
a predetermined manner with, the pass code stored in the second
memory (46) of the battery pack (40).

The power tool system according to any preceding claim, further
comprising:

a (the) charger (120) adapted or configured to be detachably attached to
the battery pack (40);

an adapter (70) adapted or configured to be detachably attached to the
charger, the adapter including a user interface (78) adapted or
configured to receive a pass code inputted by a user, and

a fourth controller (42) at least partially provided in the battery pack,
the fourth controller being adapted or configured to:

be coupled with the user interface (78) when the battery pack and the
adapter are attached to the charger,

receive a first pass code and a second pass code inputted via the user
interface, and

rewrite the current pass code stored in the second memory (46) of the
battery pack (40) to the second pass code when the first pass code
matches, or corresponds in a predetermined manner with, the current
pass code stored in the second memory.

The power tool system according to any preceding claim, further
comprising:

a (the) charger (120) adapted or configured to be detachably attached to
the battery pack (40);

an (the) adapter (70) adapted or configured to be detachably attached to
the charger, the adapter including a user interface (78) adapted or
configured to receive a pass code inputted by a user, and

a fifth controller (42) at least partially provided in the battery pack, the
fifth controller being adapted or configured to:

be coupled with the user interface (78) when the battery pack and the
adapter are attached to the charger,

receive and store a third pass code and a fourth pass code inputted via
the user interface while the battery pack is attached to the charger,

be coupled with the first memory (16) when the battery pack is attached
to the power tool (10), and

rewrite the current pass code stored in the first memory of the power

tool to the fourth pass code when the third pass code matches, or cor-
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responds in a predetermined manner with, the current pass code stored
in the first memory.

The power tool system according to claim 15, wherein the fifth
controller (42) is further adapted or configured to:

receive a first pass code inputted to the user interface (78) while the
battery pack (40) and the adapter (70) are attached to the charger (120),
and

perform the operation of receiving and storing the third and fourth pass
codes only when the inputted first pass code matches, or corresponds in
a predetermined manner with, the pass code stored in the second
memory (46) of the battery pack.

The power tool system according to any preceding claim, further
comprising:

a (the) charger (120) adapted or configured to be detachably attached to
the battery pack (40), the charger including a (the) third memory (126)
adapted or configured to store at least one pass code;

an (the) adapter (70) adapted or configured to be detachably attached to
the charger, the adapter including a (the) user interface (78) adapted or
configured to receive a pass code inputted by a user, and

a sixth controller (42) at least partially provided in the battery pack, the
sixth controller being adapted or configured to:

be coupled with the user interface (78) and the third memory (126) of
the charger, respectively, when the battery pack and the adapter are
attached to the charger,

receive and store a fifth pass code and a sixth pass code inputted via the
user interface while the battery pack and the adapter are attached to the
charger, and

rewrite the current pass code stored in the third memory of the charger
to the sixth code when the fifth pass code matches, or corresponds in a
predetermined manner with, the current pass code stored in the third
memory.

The power tool system according to claim 17, wherein the sixth
controller (42) is further adapted or configured to:

receive a first pass code inputted via the user interface (78) while the
battery pack (40) and the adapter (70) are attached to the charger (120),
and

perform the operation of the receiving and storing the fifth and sixth

pass codes only when the inputted first pass code matches, or cor-
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responds in a predetermined manner with, the pass code stored in the
second memory (46) of the battery pack.

The power tool system according to any preceding claim, further
comprising:

an adapter (70) adapted or configured to be detachably attached to the
power tool (10), the adapter including a user interface (78) adapted or
configured to receive a pass code inputted by a user, and

a fourth controller (42) at least partially provided in the battery pack
(40), the fourth controller being adapted or configured to:

be coupled with the user interface (78) when the battery pack and the
adapter are attached to the power tool (10),

receive a first pass code and a second pass code inputted via the user
interface, and

rewrite the current pass code stored in the second memory (46) of the
battery pack to the second pass code when the first pass code matches,
or corresponds in a predetermined manner with, the current pass code
stored in the second memory.

The power tool system according to any preceding claim, further
comprising:

an (the) adapter (70) adapted or configured to be detachably attached to
the power tool (10), the adapter including a user interface (78) adapted
or configured to receive a pass code inputted by a user, and

a fifth controller (42) at least partially provided in the battery pack, the
fifth controller being adapted or configured to:

be coupled with the user interface when the battery pack and the
adapter are attached to the power tool,

receive and store a third pass code and a fourth pass code inputted via
the user interface, and

rewrite the current pass code stored in the first memory (16) of the
power tool to the fourth pass code when the third pass code matches, or
corresponds in a predetermined manner with, the current pass code
stored in the first memory.

The power tool system according to claim 20, wherein the fifth
controller (42) is further adapted or configured to:

receive a first pass code inputted via the user interface (78) while the
battery pack (40) and the adapter (70) are attached to the power tool
(10), and

perform the operation of receiving and storing the third and fourth pass



WO 2013/014890

[Claim 22]

[Claim 23]

[Claim 24]

39

PCT/JP2012/004607

codes only when the inputted first pass code matches the pass code
stored in the second memory (46) of the battery pack.

The power tool system according to any preceding claim, further
comprising:

a (the) charger (120) adapted or configured to be detachably attached to
the battery pack (40), the charger including a (the) third memory (126)
adapted or configured to store at least one pass code;

an (the) adapter (70) adapted or configured to be detachably attached to
the power tool, the adapter including a user interface (78) adapted or
configured to receive a pass code inputted by a user, and

a sixth controller (42) at least partially provided in the battery pack, the
sixth controller being adapted or configured to:

be coupled with the user interface (78) when the battery pack and the
adapter are attached to the power tool (10),

receive and store a fifth pass code and a sixth pass code inputted via the
user interface while the battery pack and the adapter are attached to the
power tool,

be coupled with the third memory of the charger when the battery pack
is attached to the charger, and

rewrite the current pass code stored in the third memory of the charger
to the sixth code when the fifth pass code matches, or corresponds in a
predetermined manner with, the current pass code stored in the third
memory.

The power tool system according to claim 22, wherein the sixth
controller (42) is further adapted or configured to:

receive a first pass code inputted to the user interface (78) while the
battery pack (40) and the adapter (70) are attached to the power tool
(10), and

perform the operation of receiving and storing the fifth and sixth pass
codes only when the inputted first pass code matches, or corresponds in
a predetermined manner with, the pass code stored in the second
memory (46) of the battery pack.

The power tool system according to any preceding claim, further
comprising:

an adapter (70) adapted or configured to be detachably attached to the
battery pack (40), the adapter including a user interface (78) adapted or
configured to receive a pass code inputted by a user, and

a fourth controller (42) at least partly provided in the battery pack, the
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fourth controller being adapted or configured to:

be coupled with the user interface (78) when the adapter is attached to
the battery pack,

receive a first pass code and a second pass code inputted via the user
interface, and

rewrite the current pass code stored in the second memory (46) of the
battery pack to the second pass code when the first pass code matches,
or corresponds in a predetermined manner with, the current pass code
stored in the second memory.

The power tool system according to any preceding claim, further
comprising:

an (the) adapter (78) adapted or configured to be detachably attached to
the battery pack (40), the adapter including a user interface (78)
adapted or configured to receive a pass code inputted by a user, and

a fifth controller (42) at least partially provided in the battery pack, the
fifth controller being adapted or configured to:

be coupled with the user interface (78) when the adapter is attached to
the battery pack,

receive and store a third pass code and a fourth pass code inputted via
the user interface,

be coupled with the first memory (16) of the power tool (10) when the
battery pack is attached to the power tool, and

rewrite the current pass code stored in the first memory of the tool to
the fourth pass code when the third pass code matches, or corresponds
in a predetermined manner with, the current pass code stored in the first
memory.

The power tool system according to claim 25, wherein the fifth
controller (42) is further adapted or configured to:

receive a first pass code inputted to the user interface (78) while the
adapter (70) is attached to the battery pack (40), and

perform the operation of receiving and storing the third and fourth pass
codes only when the inputted first pass code matches, or corresponds in
a predetermined manner with, the pass code stored in the second
memory (46) of the battery pack.

The power tool system according to any preceding claim, further
comprising:

a (the) charger (120) adapted or configured to be detachably attached to
the battery pack (40), the charger including a (the) third memory (126)
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adapted or configured or adapted to store at least one pass code;

an (the) adapter (70) adapted or configured to be detachably attached to
the battery pack, the adapter including a user interface (78) adapted or
configured to receive a pass code inputted by a user, and

a sixth controller (42) at least partially provided in the battery pack, the
sixth controller being adapted or configured to:

be coupled with the user interface (78) when the adapter is attached to
the battery pack,

receive and store a fifth pass code and a sixth pass code inputted via the
user interface while the adapter is attached to the battery pack,

be coupled with the third memory of the charger when the battery pack
is attached to the charger, and

rewrite the current pass code stored in the third memory of the charger
to the sixth code when the fifth pass code matches, or corresponds in a
predetermined manner with, the current pass code stored in the third
memory.

The power tool system according to claim 27, wherein the sixth
controller is further adapted or configured to:

receive a first pass code inputted via the user interface (78) while the
adapter (70) is attached to the battery pack (40), and

perform the operation of receiving and storing the fifth and sixth pass
codes only when the inputted first pass code matches, or corresponds in
a predetermined manner with, the pass code stored in the second
memory (46) of the battery pack.

The power tool system according to any preceding claim, wherein the
first electronically-actuatable lock (20) comprises a cut-off switch
adapted or configured to cut off the supply of current from the battery
pack (40) to the motor (M) or solenoid when the first cut off switch is
turned OFF.

The power tool system according to any one of claims 4-29, wherein
the second electronically-actuatable lock (138) comprises a cut-off
switch adapted or configured to cut off the supply of current from the
charger (120) to the battery pack (40) when the second cut off switch is
turned OFF.

The power tool system according to any one of claims 14-30, wherein
the user interface (78) of the adapter (70) comprises a wireless
transceiver.

The power tool system according to claim 31, wherein the wireless
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transceiver is adapted or configured to communicate with an external
device (100), such as a smart phone.

The power tool system according to any one of claims 14-32, wherein
the user interface (78) of the adapter (70) comprises a manual data
input device.

The power tool system according to claim 33, wherein the manual data
input device comprises a keyboard, push button(s) and/or a display,
such as a touch screen.

The power tool system according to any one of claims 14-34, wherein
the adapter (70) configured to be physically engageable with only the
power tool (10).

An adapter (70) for use with the power tool system (1) according to any
preceding claim, comprising:

means for detachably connecting to at least one of the battery pack
(40), the power tool (10) and a (the) charger (120),

a controller (73),

at least one memory or storage device in communication with the
controller,

at least one communication port (74) configured to electrically com-
municate with a controller (12, 42) located in the power tool and/or the
battery pack and

a user interface (78) in communication with the controller,

wherein the adapter is adapted or configured to receive a pass code
inputted by a user via the user interface and to communicate the pass
code to the battery controller (42).

The adapter (70) according to claim 36, wherein the user interface (78)
of the adapter (70) comprises a wireless transceiver.

The adapter (70) according to claim 37, wherein the wireless
transceiver is adapted or configured to communicate with an external
device (100), such as a smart phone.

The adapter (70) according to any one of claims 36-38, wherein the
user interface (78) of the adapter (70) comprises a manual data input
device.

The adapter (70) according to claim 39, wherein the manual data input
device comprises a keyboard, push button(s) and/or a display, such as a
touch screen.

The adapter (70) according to any one of claims 36-40, wherein the
adapter (70) configured to be physically engageable with only the
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power tool (10).

A method for operating a power tool system (1), comprising:

reading a pass code from a first memory (46) of a battery pack (40)
while the battery pack is attached to a power tool (10),

reading a pass code from a second memory (16) of the power tool while
the battery pack is attached to a power tool,

directly comparing the pass codes from the first memory and the
second memory, and

causing a first electronically-actuatable lock (20) located in the power
tool and/or the battery pack to prohibit or impair operation of the power
tool when the pass codes do not match or otherwise correspond in a
predetermined manner.

The method according to claim 42, further comprising:

reading a plurality of pass codes from the first memory (46),

reading a plurality of pass codes from the second memory (16),

directly comparing the plurality of pass codes from the first memory
and the second memory, and

causing the first electronically-actuatable lock (20) to prohibit or impair
operation of the power tool when none of the pass codes from the first
memory match or otherwise correspond in a predetermined manner
with any of the pass codes from the second memory.

The method according to claim 42 or 43, wherein the direct comparison
is performed by a first controller (12, 42) located in the power tool (10)
and/or the battery pack (40).

The method according to claim 44, wherein the first controller (42) is
located in the battery pack (40).

The method according to any one of claims 43-45, wherein the plurality
of pass codes includes a main (primary) pass code and at least one sub
(secondary) pass code, and

the method further comprises:

requiring the input of the main pass code to permit the at least one sub
pass code to be stored, deleted and/or rewritten in the first memory (16)
and/or in the second memory (46).

The method according to claim 46, further comprising:

wirelessly transmitting the main pass code and the at least one sub pass
code from an external device (100) to an adapter (70) connected to the
power tool (10) and/or to the battery pack (40),

communicating the main pass code and the at least one sub pass code to
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the first controller (12, 42).

[Claim 48] The method according to any one of claims 42-47, further comprising:
causing the first electronically-actuatable lock (20) to prohibit or impair
operation of the power tool (10) and/or the battery pack (40) when a
predetermined condition is fulfilled.

[Claim 49] The method according to claim 48, wherein the predetermined
condition is at least one of:
a predetermined operation performed by a user,
a predetermined time that has elapsed since the last activation of the
power tool (10),
the activation of the power tool a predetermined number of times, and/
or

the charging of the battery pack (40) a predetermined number of times.



1/19

WO 2013/014890 PCT/JP2012/004607
[Fig. 1]
1 \
FIG. 1 w o
31 \ & ///
20
ye 104.—|{ osp || I
28 T // | — 32 /I\ \l/
102 -—H  conT
16 13
=]/
12 > R
e 78 g
N . = a \ , 24 \\ —
MM | | PRO ——E/ / 7 oo
—— 5 .
22 /) ~
e AT 74 ’I‘
,\\\ 26 70
56 N ’ \
59 NN ’ \
\l7 \Q\ 'I \‘\
POW EB B ES ‘
« 40 \
i \
50 |1 \
L+ L | [mMm | | PRO n‘
i . 1
/ ’ 1
1
I
[Fon]
132
—
, L 138
122 {MM | | PRO <
126~ —
123 —

140
120



2119

WO 2013/014890 PCT/JP2012/004607

[Fig. 2]

FIG. 2

16

~ Tool Memory

Memory for Pass codes

Main Pass code

Sub Pass code 1

Sub Pass code 2

Sub Pass code 3




3/19

WO 2013/014890 PCT/JP2012/004607

[Fig. 3]

FIG. 3

126

[
/

Charger Memory

Memory for Pass codes

Main Pass code

Sub Pass code 1

Sub Pass code 2

Sub Pass code 3




4/19

WO 2013/014890 PCT/JP2012/004607
[Fig. 4]
” FIG. 4 47
\ Battery Pack Memory I
Memory for Pass Codes Memory for E-Lock !
Lock Key
Main Pass code
Unlock Key

Sub Pass code 1

Current State

Sub Pass code 2

(Lock or not)

Sub Pass code 3

Memory for
forwarding Pass Codes

\

\

\
49



519

WO 2013/014890 PCT/JP2012/004607

[Fig. 5]

FIG. 5

500
Authentication Process
between Battery Pack and Tool

5502 v
< Battery pack is attached to Tool ? >LO~
YES
S504 NE

Battery pack controller reads Pass code
stored in Battery pack memory

S5086 ¥
Battery pack controller reads Pass code
stored in Tool memory
S508 v
< Two pass codes match ? YES
NO
S510 v

Battery pack controller turns off Cut-off switch of Tool
(prevents Cut-off switch from turning on )

S512 \l’

Battery pack controller allows Cut-off switch of Tool
to turn on according to Trigger operation




6/19

WO 2013/014890

[Fig. 6]

5602

S604

S606

S608

S610

5612

FIG. 6

600
Authentication Process
between Battery Pack and Charger

PCT/JP2012/004607

<
T~

A4

< Battery pack is attached to Charger ? >£-

YES

A 4

Battery pack controller reads Pass code
stored in Battery pack memory

v

Battery pack controller reads Pass code
stored in Charger memory

A4

< Two pass codes match ?

NO

A4

YES

Battery pack controller turns off Cut-off switch of Charger
(prevents cut-off switch from turning on )

J

Battery pack controller allows cut-off switch of Charger
to turn on according to Charging operation




719

WO 2013/014890 PCT/JP2012/004607

[Fig. 7]

S702

S704

S706

S708

S710

S712

S714

FIG. 7

700
( Electrical Lock Process )

e
T~

v

Lock operation is performed 7

N
< Battery pack is attached to Tool ? >—&
YES

v
Battery pack controller checks current state Lock
(Lock or Unlock)
Unlock
v
_ YES
Auto Lock is needed ?
NO
v
< YES

NO

\ 4

Battery pack controller allows cut-off switch of Tool
to turn on according to Trigger operation

N

Sy

v

Battery pack controller turns off Cut-off switch of Tool
(prevents cut-off switch from turning on )

\ 4

< Unlock operation is performed ?

| YES

4




WO 2013/014890

[Fig. 8]

8/19

PCT/JP2012/004607

FIG. 8

800

Pass Code Changing Proces
(Stage to select)

)

V

&
T

S802
Battery pack is attached to Tool ?

v

YES

S804
< The adapter is attached to Tool ?

A4

YES

S806 NO
< Pass code changing mode is selected ?

W

YES

I

< Process 500 in FIG. 5 >

S808
< Change Pass code of Battery pack ?

YES

A4

NO

A4

( Process 900 in FIG. 9 )

8810<

Change Pass code of Tool ?

YES

A4

NO

Vv

(Process 1000 in FIG. 10)

Process 1100 in FIG. 11
(Change Pass code of charger)




9/19

WO 2013/014890 PCT/JP2012/004607

[Fig. 9]

FIG. 9

Pass Code Change Process
(Battery Pack)

pd
~N

900

N4
902 Request User to input current Main pass code
of Battery pack
S904 NE
Receive inputted pass code
S906 ¥
Inputted pass code matches NO
current Main pass code of Battery pack memory ?
YES
S908 —Y
Show the current Main pass code and Sub pass codes
to the user
S910 v
Request new Main pass code and/or Sub pass codes
for Battery Pack
S912 v

Receive and rewrite Main pass code and/or Sub pass codes




10/19

WO 2013/014890 PCT/JP2012/004607

[Fig. 10]

51002

FIG. 10

1000
Pass Code Changing Process
(Tool)

\\

(Optional) Request user to input current Main pass code
of Battery pack

S1004

v

(Optional) Receive inputted pass code

51006

S1008

¥

(Optional) Inputted pass code matches NO
current Main pass code in Battery pack memory ?

YES

Vv

Request user to input current Main pass of Tool

N

S1010

Request user to input new Main pass code and/or
Sub pass codes for Tool

S1012

Y

Battery pack controller receives and stores
inputted current and new pass codes

S1014

A4

Battery pack controller reads current Main pass code
stored in Tool memory

$1016 Inputted Main pass code matches NO
current Main pass code ?

Vv

YES
L4

51018

Rewrite Main pass code and/or Sub pass codes in Tool memory

S1020

V

Battery pack controller erases stored pass codes of Tool
from Battery pack memory




11/19

WO 2013/014890 PCT/JP2012/004607
[Fig. 11]
11
00 Pass Code Changing Process
(Charger)
S1102 V

51104

51108

S1110

S1112

S1116

S1120

S1122

(Optional) Request user to input current Main pass code
of Battery pack

v

(Optional) Receive inputted pass code

S1106 v
(Optional) Inputted pass code matches NO
current Main pass code in Battery pack memory ?

YES

v

Request user to input current Main pass code of Charger

v

Request user to input new Main pass code and/or
Sub pass codes for Charger

\Z

Battery pack controller receives and stores

inputted current and new pass codes

v

S1114 NO
< Battery pack is attached to Charger ? >—

YES

A4

Battery pack controller reads current Main pass code
stored in Charger memory

N

51118 Inputted Main pass code matches NO
current Main pass code ?

YES

W

Rewrite Main pass code and/or Sub pass codes in Charger memory

<

Vv

Battery pack controller erases stored pass codes of Charger
from Battery pack memory




12/19

PCT/JP2012/004607

WO 2013/014890

[Fig. 12]

FIG. 12

/10

PRO

MM

—'TTHRTHES—[_—'

e ————
———
-
-
-

POW

POW

PRO

MM

L= BB = BN = m =}

I POW |
POW

|Es|IRiJ_|_1"c~;J

ZIZO

I

[1

-

.09 AN
]
0000
= 0000

142




13/19

WO 2013/014890 PCT/JP2012/004607

[Fig. 13]

FIG. 13
1300

Pass Code Changing Process
(Stage to Select)

prd

4

S1302 NO
< Battery pack is attached to Charger ? >—
YES
$1306 k4
< Pass code changing mode is selected ? >N—O
YES
( Process 600 in FIG. 6 )
51308 ¥
YES
Change Pass code of Battery pack ?
NO
\

C Process 900 in FIG. 9 )
V]
S1310 VE
< Change Pass code of Tool ?

NO

%

( Process 1400 in FIG. 14)

A4

Process 1500 in FIG. 15
(Change Pass code of charger)




14/19

WO 2013/014890 PCT/JP2012/004607
[Fig. 14]

FIG. 14

1400 Pass Code Changing Process
(Tool)

<

S1402 V

(Optional) Request user to input current Main pass code
of Battery pack

S1404 A
(Optional) Receive inputted pass code

S1406 A4
(Optional) Inputted pass code matches NO
current Main pass code in Battery pack memory ?
$1408 v YES

Request user to input current Main pass code of Tool

v

S1410 Request user to input new Main pass code and/or
Sub pass codes for Tool
v
S1412 Battery pack controller receives and stores

inputted current and new pass codes

S1414 NO
< Battery pack is attached to Tool ? >—

S1416 ¥ YES

Battery pack controller reads current Main pass code
stored in Tool memory

A

51418 Inputted Main pass code matches NO
current Main pass code ?

$1420 v YES
Rewrite Main pass code and/or Sub pass codes in Tool memory

S1422 A4
Battery pack controller erases stored pass codes of Tool
from Battery pack memory




15/19

WO 2013/014890 PCT/JP2012/004607

[Fig. 15]

S1502 W
(Optional) Request user to input current Main pass code
of Battery pack
S$1504 A4
(Optional) Receive inputted pass code
S1506 A4

S1508

S1510

51512

S1514

S1518

51520

FIG. 15

1500
Pass Code Changing Process
(Charger)

(Optional) Inputted pass code matiches
current Main pass code in Battery pack memory ? NO

YES

W

Request user to input current Main pass code of Charger

v

Request user to input new Main pass code and/or
Sub pass codes for Charger

A4

Battery pack controller receives and stores
inputted current and new pass codes

A4

Battery pack controller reads current Main pass code
stored in Charger memory

v

S1518 Inputted Main pass code matches NO
current Main pass code ?

YES

A4

Rewrite Main pass code and/or Sub pass codes in Charger memory

Vv

Battery pack controller erases stored pass codes of Charger
from Battery pack memory




WO 2013/014890

[Fig. 16]

16/19

PCT/JP2012/004607

FIG. 16

10
/
L)
/1€
1
MM | | PRO /
]

\ /// \\\\

POW l_REJI_Tla_II_EIS_J \‘

1

1

g <40
[

. MM | | PRO “‘

1

\

1

1

}r/} 100 M

DISP )| \—'—\I
1 * Tm III ITI 120
CONT :S :C, TC POW
[ L'_ﬂ__FL_l yd
=/ 7}
AT

==

PRO

MM PRO |§ 7




17/19

WO 2013/014890 PCT/JP2012/004607

[Fig. 17]

FIG. 17
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[Fig. 19]

FIG. 19
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