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ADAPTER FOR POWER TOOL DEVICES

RELATED APPLICATIONS

[0001] This application claims priority benefit to U.S. Provisional Application No.

61/893,765, filed October 21, 2013, the entire contents of which are hereby incorporated by

reference.

BACKGROUND

[0002] The present invention relates to enabling communication with power tools and power

tool devices.

SUMMARY

[0003] In one embodiment, the invention provides an adapter for a power tool. The adapter

includes a housing, a tool-side connector supported by the housing and configured to couple to a

power tool or a charger, and a battery-side connector supported by the housing and configured to

couple to a battery pack. The battery-side connector is in electrical communication with the tool-

side connector. The adapter also includes a communication interface supported by the housing

and configured to couple with an external device, and a controller. The communication interface

is in electrical communication with the tool-side connector and the battery-side connector. The

controller is supported by the housing and coupled to the tool-side connector, the battery-side

connector, and the communication interface. The controller is configured to determine a state of

the power tool. The state of the power tool is one of an active state in which an actuator of the

power tool is in operation or an idle state during which the actuator is idle. The controller is also

configured to operate in a data transmission mode, in which the adapter exchanges data between

the external device and one of the power tool or the battery pack when the power tool is in the

idle state, operate in a pass-through mode, in which the adapter transfers power from the battery

pack to the power tool when the power tool is in the active state, and switch between the data

transmission mode and the pass-through mode based on the state of the power tool.

[0004] In another embodiment, the invention provides a method of operating a power tool

including an adapter. The adapter includes a tool-side connector configured to couple to the

power tool, a battery-side connector configured to couple to a battery pack, and a communication



interface configured to couple with an external device. The power tool is in one of an active

state or an idle state. The method includes determining, by the adapter, whether the power tool is

in the active state or the idle state, exchanging data between the external device and one of the

power tool or the battery pack when the power tool is in the idle state, and transferring, by the

tool-side connector and the battery-side connector, electrical power from the battery pack to the

power tool when the power tool is in the active state. The method further includes switching

between transferring electrical power and exchanging data based on the state of the power tool.

During the active state, a motor of the power tool is in operation and during the idle state, the

motor is idle.

[0005] In another embodiment, the invention provides an adapter for a power tool. The

adapter includes a housing having a first side, a second side opposite the first side, and a sidewall

connecting the first side and the second side. The sidewall is substantially perpendicular to the

first side and the second side. The adapter also includes a tool-side connector supported by the

housing and positioned on the first side of the housing. The tool-side connector is configured to

couple to the power tool. The adapter further includes a latching mechanism supported by the

housing, and positioned on the first side of the housing, a battery-side connector, and a port. The

latching mechanism is configured to secure the adapter to the power tool. The battery-side

connector is supported by the housing and positioned on the second side of the housing. The

battery-side connector is configured to couple to a battery pack. The port is supported by the

housing and positioned on the sidewall of the housing. The port is configured to couple with an

external device.

[0006] Other aspects of the invention will become apparent by consideration of the detailed

description and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 illustrates a communication system according to one embodiment of the

invention.

[0008] FIG. 2 illustrates a power tool of the communication system of FIG. 1.



[0009] FIG. 3 illustrates a schematic diagram of the power tool.

[0010] FIG. 4 is a bottom perspective view of the power tool.

[001 1] FIG. 5 is a perspective view of a battery pack of the communication system of FIG. 1.

[0012] FIG. 6 is a top view of the battery pack.

[0013] FIG. 7 is a schematic diagram of the battery pack.

[0014] FIG. 8 is a front perspective view of an adapter of the communication system of FIG.

1.

[0015] FIG. 9 is a back perspective view of the adapter.

[0016] FIG. 10 is a bottom perspective view of the adapter.

[0017] FIG. 11 is a front view of the adapter.

[0018] FIG. 1 is a side view of the adapter.

[0019] FIGS. 13-15 are perspective views of the adapter with a top cover removed.

[0020] FIG. 16 is a schematic diagram of the adapter.

[0021] FIG. 17 is a schematic diagram of the connections between the power tool, the

adapter, and the battery pack.

[0022] FIG. 18 is flowchart for a method of switching between a data transmission mode and

a pass-through mode.

[0023] FIG. 19 is a schematic diagram of the alternative connections between the power tool,

the adapter, and the battery pack.

[0024] FIG. 20 is a side view of the power tool, the adapter, and the battery pack of the

communication system of FIG. 1.



[0025] FIG. 1 illustrates a communication system according to another embodiment of the

invention.

[0026] FIG. 22 illustrates a schematic diagram of a first power tool of the communication

system shown in FIG. 2 1.

[0027] FIG. 23 illustrates a schematic diagram of a second power tool of the communication

system shown in FIG. 2 1.

[0028] FIG. 24 illustrates a schematic diagram of a battery pack of the communication

system shown in FIG. 2 1.

[0029] FIG. 25 illustrates a side view of an impact driver.

[0030] FIG. 26 illustrates a mode selection control of the impact driver shown in FIG. 25.

[0031] FIG. 27 illustrates a mode selection switch of an impact wrench.

[0032] FIG. 28 illustrates a perspective view of a hammer drill.

[0033] FIG. 29 illustrates a mode selection switch for the hammer drill shown in FIG. 28.

[0034] FIGS. 30-36 illustrate exemplary graphical user interfaces generated by an external

device.

DETAILED DESCRIPTION

[0035] Before any embodiments of the invention are explained in detail, it is to be

understood that the invention is not limited in its application to the details of construction and the

arrangement of components set forth in the following description or illustrated in the following

drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways. Also, it is to be understood that the phraseology and terminology

used herein is for the purpose of description and should not be regarded as limited. The use of

"including," "comprising" or "having" and variations thereof herein is meant to encompass the

items listed thereafter and equivalents thereof as well as additional items. The terms "mounted,"

"connected" and "coupled" are used broadly and encompass both direct and indirect mounting,



connecting and coupling. Further, "connected" and "coupled" are not restricted to physical or

mechanical connections or couplings, and can include electrical connections or couplings,

whether direct or indirect.

[0036] It should be noted that a plurality of hardware and software based devices, as well as

a plurality of different structural components may be utilized to implement the invention.

Furthermore, and as described in subsequent paragraphs, the specific configurations illustrated in

the drawings are intended to exemplify embodiments of the invention and that other alternative

configurations are possible. The terms "processor" "central processing unit" and "CPU" are

interchangeable unless otherwise stated. Where the terms "processor" or "central processing

unit" or "CPU" are used as identifying a unit performing specific functions, it should be

understood that, unless otherwise stated, those functions can be carried out by a single processor,

or multiple processors arranged in any form, including parallel processors, serial processors,

tandem processors or cloud processing/cloud computing configurations.

[0037] FIG. 1 illustrates a first communication system 100 that includes, among other things,

a power tool 200, a power tool battery pack 400, an adapter 600, and an external device 800.

The power tool is configured to perform one or more specific tasks (e.g., drilling, cutting,

fastening, pressing, lubricant application, sanding, heating, grinding, bending, forming,

impacting, polishing, lighting, etc.). For example, an impact wrench is associated with the task

of generating a rotational output (e.g., to drive a bit), while a reciprocating saw is associated with

the task of generating a reciprocating output motion (e.g., for pushing and pulling a saw blade).

The task(s) associated with a particular tool may also be referred to as the primary function(s) of

the tool. The power tool 200 includes a drive device 210 and a motor 214 (see FIGS. 2 and 3).

The motor 214 actuates the drive device 210 and allows the drive device 210 to perform the

particular task. The battery pack 400 provides electrical power to the power tool 200 to energize

the motor 214. In some embodiments, the battery pack 400 is coupled directly to the power tool

200 to provide electrical power to the power tool 200. In the illustrated embodiment, however,

the adapter 600 is coupled between the power tool 200 and the battery pack 400. The adapter

600 creates a connection between the power tool 200 and the external device 800 and between

the battery pack 400 and the external device 800. The adapter 600 therefore allows the power



tool 200 and the battery pack 400 to communicate and exchange data with the external device

800.

[0038] Using the external device 800, a user can access stored power tool usage or power

tool maintenance data. With this tool data, a user can determine how the power tool 200 has

been used, whether maintenance is recommended or has been performed in the past, and identify

malfunctioning components or other reasons for certain performance issues. The external

device 800 also allows a user to set operational parameters, safety parameters, select tool modes,

and the like for the power tool 200 or the battery pack 400.

[0039] The external device 800 may be, for example, a laptop computer, a tablet computer, a

smartphone, a cellphone, or another electronic device capable of communicating with the adapter

600 and providing a user interface. The external device 800 includes a communication interface

that is compatible with the adapter 600. The communication interface of the external device 800

may include a USB port, a micro USB port, another suitable power and/or data port, a wireless

communication module (e.g., a Bluetooth® module), or a combination thereof. The external

device 800, therefore, grants the user access to data related to the power tool 200, the battery

pack 400, or another power tool device (e.g., a charger), and provides a user interface such that

the user can interact with the controller of the power tool 200, the battery pack 400, or another

power tool device.

[0040] In addition, as shown in FIG. 1, the external device 800 can also share the

information obtained from the power tool 200, the battery pack 400, or another power tool

device with a remote server 900. The remote server 900 may be used to store the data obtained

from the external device 800, provide additional functionality and services to the user, or a

combination thereof. In one embodiment, storing the information on the remote server 900

allows a user to access the information from a plurality of different locations. In another

embodiment, the remote server 900 may collect information from various users regarding their

power tool devices and provide statistics or statistical measures to the user based on information

obtained from the different power tools. For example, the remote server 900 may provide

statistics regarding the experienced efficiency of the power tool 200 or battery pack 400, typical



usage of the power tool 200, and other relevant characteristics and/or measures of the power tool

200 or the battery pack 400.

[0041] Although the power tool 200 illustrated and described herein is an impact wrench,

embodiments of the invention similarly apply to and can be used in conjunction with a variety of

power tools (e.g., a power drill, a hammer drill, a pipe cutter, a sander, a nailer, a grease gun,

etc.). As shown in FIG. 2, the power tool 200 includes an upper main body 202, a handle 204, a

device receiving portion 206, selection switches 208, an output drive device or mechanism 210,

and a trigger 212. The housing of the power tool 200 (e.g., the main body 202 and the handle

204) are composed of a durable and light-weight plastic material. The drive device 210 is

composed of a metal (e.g., steel). The drive device 210 on the power tool 200 is a socket.

However, each power tool 200 may have a different drive device 210 specifically designed for

the task associated with the power tool 200. For example, the drive device for a power drill may

include a bit driver, while the drive device for a pipe cutter may include a blade. The selection

switches 208 are configured to select the speed and/or torque for the power tool 200. For

embodiments in which the power tool 200 is different than the impact wrench 200, the selection

switches 208 may be used to set other parameters such as, for example, crimping pressures for

crimpers.

[0042] The device receiving portion 206 is configured to receive and couple to the battery

pack 400, the adapter 600, or another power tool device with a compatible connector. The

device receiving portion 206 includes a device interface 222 (see FIGS. 3 and 4) that allows the

power tool 200 to be in mechanical and electrical communication with the battery pack 400, the

adapter 600, or another power tool device. As shown in FIG. 4, the device receiving portion 206

also includes notches 207 to engage a mechanism that secures the battery pack 400, the adapter

600, or another power tool device to the power tool 200. In the embodiment of FIG. 1, the

device interface 222 is coupled to the adapter 600. In other embodiments, the device interface

222 is coupled directly to the battery pack 400.

[0043] In the illustrated embodiment, the trigger 212 extends partially down a length of the

handle 204; however, in other embodiments the trigger 212 extends down the entire length of the

handle 204 or may be positioned elsewhere on the power tool 200. The trigger 212 is moveably



coupled to the handle 204 such that the trigger 212 moves with respect to the tool housing. The

trigger 212 is coupled to a push rod, which is engageable with a trigger switch 213 (see FIG. 3).

The trigger 212 moves in a first direction towards the handle 204 when the trigger 212 is

depressed by the user. The trigger 212 is biased (e.g., with a spring) such that it moves in a

second direction away from the handle 204, when the trigger 212 is released by the user. When

the trigger 212 is depressed by the user, the push rod activates the trigger switch 213, and when

the trigger 212 is released by the user, the trigger switch 213 is deactivated. In other

embodiments, the trigger 212 is coupled to an electrical trigger switch 213. In such

embodiments, the trigger switch 213 may include, for example, a transistor. Additionally, for

such electronic embodiments, the trigger 212 may not include a push rod to activate the

mechanical switch. Rather, the electrical trigger switch 213 may be activated by, for example, a

position sensor (e.g., a Hall-Effect sensor) that relays information about the relative position of

the trigger 212 to the electrical trigger switch 213.

[0044] As shown in FIG. 3, the power tool 200 also includes the motor 214, a switching

network 216, sensors 218, indicators 220, the device interface 222, a power input unit 224, and a

controller 226. The device interface 222 is coupled to the controller 226 and couples to the

battery pack 400, the adapter 600, or another power tool device. The device interface 222

includes a combination of mechanical (e.g., the device receiving portion 206) and electrical

components configured to and operable for interfacing (e.g., mechanically, electrically, and

communicatively connecting) the power tool 200 with a battery pack 400, the adapter 600, or

another power tool device.

[0045] As shown in FIG. 4, the device interface 222 includes a terminal assembly 250. The

number of terminals included in the terminal assembly 250 can vary based on the type of power

tool 200. As an illustrative example, however, the terminal assembly 250 includes four male

blade terminals 252a, 252b, 252c, 252d extending beyond the tool housing. The four male blade

terminals 252a-d are connected to the power tool 200 through a terminal block 254. The

terminals 252a-d on the power tool 200 are generally exposed to the surrounding environment

unless the power tool 200 is connected to the battery pack 400, the adapter 600, or another power

tool device. When the terminals 252a-d are connected to at least one of the battery pack 400, the



adapter 600, or another power tool device, the terminals 252a-d are covered by the connected

device.

[0046] The four male blade terminals 252a-d, include a power positive ("B+") terminal

252a, a power negative ("B-") terminal 252b, a first communication terminal 252c, and a second

communication terminal 252d. The power positive terminal 252a and the power negative

terminal 252b are configured to connect to power terminals on the battery pack 400 or on the

adapter 600. The power tool 200 does not include an internal power supply for driving the motor

214or powering the controller 226. Rather, the power tool 200 receives power through the

power terminals 252a-b.

[0047] The first communication terminal 252c and the second communication terminal

252d exchange information with the battery pack 400, the adapter 600, or another connected

power tool device. For example, the power tool 200 communicates to the battery pack 400

through the first communication terminal 252c and/or the second communication terminal 252d

when the power tool 200 is ready to receive electrical power to energize the motor 214. The

power tool 200 is also configured to determine certain characteristics of the battery pack 400

based on the signals exchanged over the first communication terminal 252c and/or the second

communication terminal 252d. For example, the communication terminals 252c-d can be used

by the battery pack 400 or the power tool 200 to identify the other of the battery pack 400 or the

power tool 200. For example, the power tool 200 can identify the battery pack 400 as a high

capacity battery pack or a normal capacity battery pack, as a lithium-based battery or a nickel-

based battery, as a battery pack having a particular voltage, a higher resistance battery pack, a

lower resistance battery pack, etc.

[0048] The battery pack 400 can also receive identification information from the power tool

200 through the first and/or second communication terminals 252c-d. For example, the battery

pack 400 can identify the power tool 200 as a hammer drill, a drill/wrench, an impact wrench, a

brushless power tool, a brushed power tool, a higher resistance power tool (e.g., capable of lower

power output), a lower resistance power tool (e.g., capable of higher power output), etc.

[0049] The power tool 200 is also configured to exchange data with the adapter 600 through

the first communication terminal 252c and the second communication terminal 252d. The power



tool 200 can be queried for and export data or information regarding power tool usage, specific

parameters utilized to monitor the power tool 200, specific modes stored within the power tool

200, and/or maintenance data regarding the power tool 200. The power tool 200 can also receive

through the first and second communication terminals 252c-d new configuration and/or

programming information from the adapter 600. For example, the adapter 600 may upload

software implementing alternate algorithms to control operation of the motor 214, or algorithms

for protecting different power tool circuitry.

[0050] The device interface 222 is coupled to the power input unit 224. The device interface

222 transmits the power received through the power terminals 252a-b to the power input unit

224. The power input unit 224 includes combinations of active and passive components to

regulate or control the power received through the device interface 222 and to the controller 226.

For instance, the power input 224 may receive 18V from the device interface 222 and output 5V

to the controller 226. When the device interface 222 is connected to the battery pack 400, the

power input unit 224 receives power directly from the battery pack 400. When the device

interface 222 is connected to the adapter 600, the power input unit 224 receives power through

the adapter 600. The adapter 600 may receive power from the battery pack 400 when the battery

pack 400 is connected to the adapter 600 or from the external device 800 when the external

device 800 is coupled to the adapter 600. In some situations, the adapter 600 may be coupled to

both the battery pack 400 and the external device 800. In such situations, the adapter 600 may

select whether to provide electrical power from the battery pack 400, the external device 800, or

a combination thereof.

[0051] The controller 226 is also coupled to the trigger switch 213 to receive an activation

signal from the trigger 212. In the illustrated embodiment, the trigger switch 213 is a push

button electrical switch positioned within the handle 204. The trigger switch 213 includes a push

button and electrical contacts. When the push button is activated, such as by the push rod

discussed above, the electrical contacts are in a CLOSED position. Generally, when the

electrical contacts are in the CLOSED position, electrical current is supplied from the device

interface 222 to the motor 214, via the switching network 216. When the push button is not

activated, the electrical contacts are in the OPEN position. When the electrical contacts are in

the OPEN position, electrical current is not supplied from the device interface 222 to the motor



214. Although the trigger switch 213 is illustrated as a push-button electrical switch with

contacts, other types of electrical switches may be used in addition to or in place of the push

button electronic switch. For instance, the trigger switch 213may include sensors to detect the

amount of trigger pull (e.g., released, 20% pull, 50%pull, 75% pull, or fully depressed). In some

embodiments, the amount of trigger pull detected by the trigger switch 213 is related to or

corresponds to a desired speed of rotation of the motor 214. In other embodiments, the amount

of trigger pull detected by the trigger switch 213 is related to or corresponds to a desired torque.

[0052] In response to the controller 226 receiving the activation signal from the trigger

switch 213, the controller 226 activates the switching network 216 to provide power to the motor

214. The switching network 216 controls the amount of current available to the motor 214 and

thereby controls the speed and torque output of the motor 214. The switching network 216 may

include numerous FETs, bipolar transistors, or other types of electrical switches.

[0053] The sensors 218 are coupled to the controller 226 and communicate to the controller

226 various signals indicative of different parameters of the power tool 200 or the motor 214.

The sensors 218 include, for example, one or more current sensors, one or more voltage sensors,

one or more temperature sensors, one or more speed sensors, one or more Hall Effect sensors,

etc. For example, the speed of the motor 214 can be determined using a plurality of Hall Effect

sensors to sense the rotational position of the motor 214. In some embodiments, the controller

226 controls the switching network 216 in response to signals received from the sensors 218.

For example, if the controller 226 determines that the speed of the motor 214 is increasing too

rapidly based on information received from the sensors 218, the controller 226 may adapt or

modify the active switches or switching sequence within the switching network 216 to reduce the

speed of the motor 214.

[0054] The indicators 220 are also coupled to the controller 226 and receive control signals

from the controller 226 to turn on and off or otherwise convey information based on different

states of the power tool 200. The indicators 220 include, for example, one or more light-emitting

diodes ("LED"), or a display screen. The indicators 220 can be configured to display conditions

of, or information associated with, the power tool 200. For example, the indicators 220 are

configured to indicate measured electrical characteristics of the power tool 200, the status of the



power tool 200, etc. The indicators 220may also include elements to convey information to a

user through audible or tactile outputs.

[0055] As described above, the controller 226 is electrically and/or communicatively

connected to a variety of modules or components of the power tool 200. In some embodiments,

the controller 226 includes a plurality of electrical and electronic components that provide

power, operational control, and protection to the components and modules within the controller

226 and/or power tool 200. For example, the controller 226 includes, among other things, a

processing unit 230 (e.g., a microprocessor, a microcontroller, or another suitable programmable

device), a memory 232, input units 234, and output units 236. The processing unit 230 includes,

among other things, a control unit 240, an arithmetic logic unit ("ALU") 242, and a plurality of

registers 244 (shown as a group of registers in FIG. 3), and is implemented using a known

computer architecture, such as a modified Harvard architecture, a von Neumann architecture, etc.

The processing unit 230, the memory 232, the input units 234, and the output units 236, as well

as the various modules connected to the controller 226 are connected by one or more control

and/or data buses (e.g., common bus 246). The control and/or data buses are shown generally in

FIG. 3 for illustrative purposes. In some embodiments, the controller 226 is implemented

partially or entirely on a semiconductor (e.g., a field-programmable gate array ["FPGA"]

semiconductor) chip, such as a chip developed through a register transfer level ("RTL") design

process.

[0056] The memory 232 includes, for example, a program storage area and a data storage

area. The program storage area and the data storage area can include combinations of different

types of memory, such as read-only memory ("ROM"), random access memory ("RAM") (e.g.,

dynamic RAM ["DRAM"], synchronous DRAM ["SDRAM"], etc.), electrically erasable

programmable read-only memory ("EEPROM"), flash memory, a hard disk, an SD card, or other

suitable magnetic, optical, physical, or electronic memory devices. The processing unit 230 is

connected to the memory 232 and executes software instructions that are capable of being stored

in a RAM of the memory 232 (e.g., during execution), a ROM of the memory 232 (e.g., on a

generally permanent basis), or another non-transitory computer readable medium such as another

memory or a disc. Software included in the implementation of the power tool 200 can be stored

in the memory 232 of the controller 226. The software includes, for example, firmware, one or



more applications, program data, filters, rules, one or more program modules, and other

executable instructions. The controller 226 is configured to retrieve from memory and execute,

among other things, instructions related to the control processes and methods described herein.

The controller 226 is also configured to store power tool information on the memory 232. The

controller 226 also stores on the memory 232 information regarding the usage of the power tool

200, information regarding the maintenance of the power tool 200, power tool trigger event

information, and other information relevant to operating or maintaining the power tool 200.

Such power tool information may then be accessed by a user with the external device 800

through the adapter 600. In other constructions, the controller 226 includes additional, fewer, or

different components.

[0057] At a given point in time, the power tool 200 may be in an active state or an idle state.

The idle state refers to a state of the power tool 200 during which the power tool 200 is not

performing the task associated with the power tool 200. In contrast, the active state refers to

when the power tool 200 is actively performing the associated task.

[0058] The state of the power tool 200 can be determined in different ways. For example, in

some embodiments, the state of the power tool 200 is determined based on the position of the

trigger 212. In such embodiments, the power tool 200 is determined to be in the active state

when the trigger 212 is depressed. The power tool 200 is determined to be in the idle state when

the trigger 212 is not depressed by the user.

[0059] In other embodiments, the state of the power tool can be determined based on the

output signals from the sensors 218. In such embodiments, the power tool 200 is determined to

be in the active state when the sensors 218 indicate that the motor 214 is in motion (i.e., the

motor 214 is energized). The power tool 200 is determined to be in the idle state when the

sensors 218 indicate that the motor 214 is stationary (i.e., the motor 214 is not energized).

Additionally, or alternatively, the state of the power tool 200 can be determined based on the

state of the electrical switches in the switching network 216 or from the output signals from the

controller 226 to the switching network 216. When the switches in the switching network 216

are off or inactive, the state of the power tool 200 is determined to be idle. When the switches in

the switching network 216 are on or active, the state of the power tool 200 is determined to be



active. The state of the power tool can also be determined in other ways not explicitly described

above. Additionally, the state of the power tool can also be determined by a combination or

combinations of the techniques described above and those not explicitly described above.

[0060] The battery pack 400 is connectable to and supportable by the power tool 200 and the

adapter 600. As shown in FIGS. 5 and 6, the battery pack 400 includes a housing 402, at least

one rechargeable battery cell 404 supported by the housing 402, and a fuel gauge 422. The

housing 402 includes a support portion 406 on a top side 403 of the housing. The support

portion 406 supports the battery pack 400 and couples the battery pack 400 to the power tool

200, the adapter 600 or another power tool device (e.g., a charger). The support portion 406

includes a coupling mechanism 408 and a power interface 424 (see FIG. 6). The coupling

mechanism 408 allows the battery pack 400 to releasably couple to the power tool 200, the

adapter 600, or another power tool device. In the illustrated embodiment, the support portion

406 is connectable (mechanically, electrically, and/or communicatively) to the device receiving

portion 206 on the power tool 200. The support portion 406 is also connectable to the adapter

600.

[0061] The battery pack 400 is removably and interchangeably connected to the power tool

200, the adapter 600, and other power tool devices through the coupling mechanism 408. The

coupling mechanism 408 includes a pair of actuators 414 and a pair of tabs 416. One of the

actuators 414 and one of the tabs 416 are shown in FIG. 5, and the other actuator 414 and tab 416

are disposed on an opposite side of the battery pack 400 in a similar arrangement. The coupling

mechanism 408 releasably secures the battery pack 400 to the power tool 200, the adapter 600, or

another power tool device. Each tab 416 engages a corresponding recess formed in the device

receiving portion 206 of the power tool 200 or a similar structure in the adapter 600 to secure the

battery pack 400. The tabs 416 are normally biased away from the housing 402 (i.e., away from

each other) by springs inside the housing 402. Actuating (e.g., depressing) the actuators 414

inwards moves the tabs 416 toward the housing 402 (i.e., toward each other) and out of

engagement with the recesses such that the battery pack 400 may be pulled out away from the

power tool 200, the adapter 600, or another connected power tool device. In some embodiments,

a single tab and actuator are included in the battery pack 400.



[0062] The illustrated battery pack 400 includes ten battery cells 404. In other embodiments,

the battery pack 400 can have more or fewer battery cells 404. The battery cells 404 can be

arranged in series, parallel, or a series-parallel combination. For example, in the illustrated

embodiment, the battery pack 400 includes a total of ten battery cells 404 configured in a series-

parallel arrangement of two sets of five series-connected cells 404. The series-parallel

combination of battery cells 404 allows for an increased voltage and an increased capacity of the

battery pack 400. In some embodiments, the battery pack 400 includes a single set of five series-

connected battery cells 404. In other embodiments, the battery pack 400 includes a different

number of battery cells 404 (e.g., between 3 and 12 battery cells) connected in series, parallel, or

a series-parallel combination in order to produce a battery pack 400 having a desired

combination of nominal battery pack voltage and battery capacity.

[0063] In the illustrated embodiment, the battery cells 404 are lithium-based battery cells

having a chemistry of, for example, lithium-cobalt ("Li-Co"), lithium-manganese ("Li-Mn"), or

Li-Mn spinel. In some embodiments, the battery cells 404 have other suitable lithium or lithium-

based chemistries, such as a lithium-based chemistry that includes manganese, etc. The battery

cells 404 within the battery pack 400 provide operational power (e.g., voltage and current) to the

power tool 200. In one embodiment, each battery cell 404 has a nominal voltage of

approximately 3.6V, such that the battery pack 400 has a nominal voltage of approximately 18V.

In other embodiments, the battery cells 404 have different nominal voltages, such as, for

example, between 3.6V and 4.2V, and the battery pack 400 has a different nominal voltage, such

as, for example, 10.8V, 12V, 14.4V, 24V, 28V, 36V, between 10.8V and 36V, etc. The battery

cells 404 also have a capacity of, for example, approximately between 1.0 ampere-hours ("Ah")

and 5.0Ah. In exemplary embodiments, the battery cells 404 have capacities of approximately,

1.5Ah, 2.4Ah, 3.0Ah, 4.0Ah, between 1.5Ah and 5.0Ah, etc. The battery cells 404 are also

arranged to provide an efficient use of space and to maintain a relatively small pack size.

[0064] As shown in FIGS. 5 and 6, the fuel gauge 422 is positioned on a sidewall of the

housing 402. In the illustrated embodiment, the fuel gauge 422 is positioned on a front sidewall,

such that when the battery pack 400 is coupled to the power tool 200 or another power tool

device, the fuel gauge 422 faces the front of the power tool 200 (i.e., toward the drive device 210

of the power tool 200). The front sidewall of the housing 402 includes a first (perpendicular)



surface 423 and a second (angled) surface 425. As shown in FIG. 5, the first surface 423 is

generally perpendicular to the top side 403 of the housing 402. The second surface 425 is

positioned adjacent and between the first surface 423 and the top side 403 of the housing 402,

and at an oblique angle of approximately 30° with respect to the top side 403 and a bottom side

427 of the housing 402. The second surface 425, in some embodiments, is positioned at a

different oblique angle with respect to the top side 403 or the bottom side 427, such as an angle

between 15° and 45°, 25° and 65°, 25° and 45°, 45° and 65°, or 15° and 75°. In the illustrated

embodiment, the fuel gauge 422 is positioned on the second surface 425. This positioning

allows the fuel gauge 422 to be easily accessible (e.g., visible) to the user. When the power tool

200 is coupled to the battery pack 400, looking forward toward the power tool 200 allows a user

to determine the charge state of the battery pack 400 via the fuel gauge 422.

[0065] The fuel gauge 422 provides visible indications to the user regarding the state of

charge of the battery cells 404. The fuel gauge 422 includes, for example, one or more

indicators, such as light-emitting diodes ("LEDs"). The fuel gauge 422 is coupled to and

controlled by the controller 420 to display conditions of, or information associated with, the

state-of-charge of the battery cells 404. The fuel gauge 422 may include a pushbutton 427. The

controller 420 detects depression of the pushbutton 427 and, in response, causes the fuel gauge

422 to display the state of charge information for a predetermined period of time.

[0066] The electrical power provided by the battery pack 400 is controlled, monitored, and

regulated using control electronics within the power tool 200 and within the battery pack 400 as

illustrated in the electromechanical diagrams of FIG. 7 . As shown in FIG. 7, the battery pack

400 also includes a controller 420, the fuel gauge 422, the power interface 424, a

charge/discharge control module 426, and sensors 428.

[0067] As discussed above, the battery cells 404 are coupled to the controller 420 and to the

charge/discharge module 426. The battery cells 404 generate electrical power provided to the

power tool 200, the adapter 600, or another power tool device. The charge/discharge control

module 426 includes, for example, one or more switches (e.g., FETs) for controlling the charging

current to and discharge current from the battery cells 404.



[0068] The power interface 424 is coupled to the controller 420 and to the charge/discharge

control module 426. The power interface 424 communicates with the controller 420 and

receives electrical power from the charge/discharge control module 426. The power interface

424 includes a contact block 410 having a plurality of contacts 412a-e as shown in FIG. 6 . In the

illustrated embodiment, the battery pack 400 includes five contacts 412a-e. The contacts 412a-e

are operable to electrically transmit the electrical power received from the charge/discharge

control module 426 to the power tool 200, the adapter 600, or another power tool device.

[0069] The battery pack 400 is removably and interchangeably connected to the power tool

200, the adapter 600, or another power tool device to provide operational power (i.e., voltage and

current) to the power tool 200, the adapter 600, or the other power tool device through the

contacts 412a-e. The contacts 412a-e are in electrical communication with the terminals 252a-d

of the power tool 200 when the battery pack 400 is directly or indirectly (e.g., via the adapter

600) coupled to the power tool 200. When the battery pack 400 is coupled directly to the power

tool 200, the battery pack contacts 412a-e mate directly with the terminals 252a-d. When the

battery pack 400 is coupled to the power tool 200 through the adapter 600, the contacts 412a-e

mate with the adapter 600, which provides electrical communication between the contacts 412a-e

of the battery pack 400 and the terminals 252a-d of the power tool 200.

[0070] The five contacts 412a-e include a positive power ("B+") contact 412a, a negative

power ("B-") contact 412b, and three communication contacts 412c-e. The positive power

contact 412a and the negative power contact 412b are configured to connect to the power

terminals 252a,b, respectively, on the power tool 200 to provide operational power (i.e., voltage

and current) to the power tool 200. The power contacts 412a-b are also configured to couple to

power terminals on the adapter 600 as will be discussed below. The battery pack 400

communicates with the power tool 200, the adapter 600, or another power tool device through at

least two of the communication contacts 412c-e. The two communication terminals 252c-d of

the power tool 200 align with two of the three communication contacts 412c-e of the battery

pack 400 to enable communication between the devices. The third contact of the communication

contacts 412c -e is unmated and not used in this instance, but may be used in connection with

other power tools and devices. The battery pack 400 communicates with the power tool 200 to

determine when the power tool 200 is ready to receive electrical power and to communicate to



the power tool 200 when the battery pack 400 is ready to provide electrical power to the power

tool 200. The battery pack 400 is also configured to exchange data with the adapter 600 through

at least two of the communication contacts 412c-e.

[0071] The sensors 428 include, for example, one or more current sensors, one or more

voltage sensors, one or more temperature sensors, etc. The controller 420 uses the sensors 428 to

monitor operation of the battery pack 400. The controller 420 also includes a variety of preset or

calculated fault condition values related to temperatures, currents, voltages, etc., associated with

the operation of the power tool 200. For example, the controller 420 uses the sensors 428 to

monitor an individual state of charge of each of the battery cells 404, monitor a current being

discharged from the battery cells 404, monitor the temperature of one or more of the battery cells

404, etc., for fault condition interrupts. If the voltage of one of the battery cells 404 is equal to or

above an upper voltage limit (e.g., a maximum charging voltage), the charge/discharge control

module 426 prevents the battery cells 404 from being further charged or requests that a battery

charger (not shown) provide a constant voltage charging scheme. Alternatively, if one of the

battery cells 404 falls below a low-voltage limit, the charge/discharge control module 426 may

prevent the battery cells 404 from being further discharged. Similarly, if an upper or lower

operational temperature limit for the battery cells 404 of the battery pack 400 is reached, the

controller 420 can control the charge/discharge module 426 to prevent further charging or

discharging until the temperature of the battery cells 404 or the battery pack 400 is within an

acceptable temperature range.

[0072] The controller 420 is electrically and/or communicatively connected to a variety of

modules or components of the battery pack 400. For example, the illustrated controller 420 is

connected to the fuel gauge 422, the sensors 428, the power interface 424, the battery cells 404,

and the charge/discharge control module 426 (optional within battery pack 400). The controller

420 includes combinations of hardware and software that are operable to, among other things,

control the operation of the battery pack 400, activate the fuel gauge 422 (e.g., including one or

more LEDs), monitor the operation of the battery pack 400, etc. .

[0073] In some embodiments, the controller 420 includes a plurality of electrical and

electronic components that provide power, operational control, and protection to the components



and modules within the controller 420 and/or battery pack 400. For example, the controller 420

includes, among other things, a processing unit 430 (e.g., a microprocessor, a microcontroller, or

another suitable programmable device), a memory 432, input units 434, and output units 436.

The processing unit 430 includes, among other things, a control unit 440, an arithmetic logic unit

("ALU") 442, and a plurality of registers 444 (shown as a group of registers in FIG. 7), and is

implemented using a known computer architecture, such as a modified Harvard architecture, a

von Neumann architecture, etc. The processing unit 430, the memory 432, the input units 434,

and the output units 436, as well as the various modules connected to the controller 420 are

connected by one or more control and/or data buses (e.g., common bus 446). The control and/or

data buses are shown generally in FIG. 7 for illustrative purposes. In some embodiments, the

controller 420 is implemented partially or entirely on a semiconductor (e.g., a field-

programmable gate array ["FPGA"] semiconductor) chip, such as a chip developed through a

register transfer level ("RTL") design process.

[0074] The memory 432 includes, for example, a program storage area and a data storage

area. The program storage area and the data storage area can include combinations of different

types of memory, such as read-only memory ("ROM"), random access memory ("RAM") (e.g.,

dynamic RAM ["DRAM"], synchronous DRAM ["SDRAM"], etc.), electrically erasable

programmable read-only memory ("EEPROM"), flash memory, a hard disk, an SD card, or other

suitable magnetic, optical, physical, or electronic memory devices. The processing unit 430 is

connected to the memory 432 and executes software instructions that are capable of being stored

in a RAM of the memory 432 (e.g., during execution), a ROM of the memory 432 (e.g., on a

generally permanent basis), or another non-transitory computer readable medium such as another

memory or a disc. Software included in the implementation of the battery pack 400 can be

stored in the memory 432 of the controller 420. The software includes, for example, firmware,

one or more applications, program data, filters, rules, one or more program modules, and other

executable instructions. The controller 420 is configured to retrieve from the memory 432 and

execute, among other things, instructions related to the control of the battery pack 400 described

herein. The controller 420 can also store on the memory 432 various battery pack parameters

and characteristics (including battery pack nominal voltage, chemistry, battery cell

characteristics, maximum allowed discharge current, maximum allowed temperature, etc.).



[0075] The battery pack 400 is also configured to store other information related to the

operation of the battery pack 400 in the memory 432. For example, the controller 420 may

obtain and store information regarding the number of charge and discharge cycles, the discharge

time, the type of power tools the battery pack 400 is coupled to, the average temperature, the

temperature as the state-of-charge of the battery cells 404 decrease, and other such relevant

information. This information may then be transmitted or shared with the external device 800

through the adapter 600. In other constructions, the controller 420 includes additional, fewer, or

different components.

[0076] The battery pack 400 is also configured to couple to a battery pack charger (not

shown). The battery pack 400 utilizes one of the communication contacts 412e to receive

charging current from the charger. In other words, charging current is delivered to the battery

pack 400 on the negative power contact 412b and the third communication contact 412e. The

battery pack 400 also communicates information regarding charging schemes, charging status,

and the like to the charger through the three communication contacts 412c-e. Although the

battery pack 400 is described as including five contacts 412a-e, in other embodiments, the

battery pack 400 may include more or less contacts. The battery pack 400, however, includes at

least a positive power contact, a negative power contact, and at least one communication contact.

[0077] As explained above with respect to the power tool 200, the battery pack 400 is

configured to communicate different information to the power tool 200, the adapter 600, or

another power tool device. For example, the battery pack 400 may communicate certain

characteristics of the battery pack 400 to the power tool 200, the adapter 600, or another power

tool device through communication contacts 412c-e and corresponding structure (e.g.,

communication terminals 252c-d) on the power tool 200, the adapter 600, or another power tool

device. For example, the battery pack 400 and the power tool 200 may exchange identification

signals to identify to one another the type of power tool 200 or the type of battery pack 400. In

some embodiments, the battery pack 400 may also send an identification signal to the adapter

600 to identify the battery pack to the adapter 600. Other information can also be exchanged

through the communication contacts 412c-e of the battery pack 400 such as, for example, battery

pack capacity, battery pack voltage, battery pack chemistry, discharge and charging algorithms

stored in the battery pack 400 (i.e., in the memory 432 of the battery pack), thresholds monitored



by the controller 420 of the battery pack 400, discharge and charge history for the battery pack

400, and other relevant information for the battery pack 400. The battery pack 400 uses the

communication contacts 412c-e to export and import such information from the external device

800 through the adapter 600. The battery pack 400 may also share some, or all, of this

information with the power tool 200 or with a battery pack charger.

[0078] When coupled to the power tool 200, the adapter 600, or another power tool device,

the battery pack 400 substantially encloses and covers corresponding terminals (e.g., the

terminals 252a-d) on the power tool 200, the adapter, and other power tool devices. That is, the

battery pack 400 functions as a cover for the terminals 252a-d of the power tool 200 and the

connecting portion of the adapter 600.

[0079] FIG. 8 illustrates a perspective view of the adapter 600. As shown in FIG. 1, the

adapter 600 is configured to couple to both the power tool 200 and the battery pack 400. In some

embodiments, the adapter 600 is also configured to couple to a battery pack charger. The adapter

600 couples to different power tool devices (e.g., the power tool 200, the battery pack 400, and

chargers) to export information from the power tool devices and import information into the

power tool devices. The adapter 600, for example, obtains and exports tool usage data,

maintenance data, mode information, drive device information, and the like from the power tool

200. The adapter 600 also imports (i.e., provides) information into the power tool 200 such as,

for example, configuration data, operation thresholds, maintenance thresholds, mode

configurations, programming for the power tool 200, and the like. In general, the adapter 600

creates a communication path between the power tool 200, the battery pack 400, and other power

tool devices and the external device 800.

[0080] As shown in FIG. 8, the adapter 600 includes a housing 604, a tool-side receiving

portion 606, a battery-side receiving portion 608, a power switch 610, a communication port 612,

a communication indicator 614, and a latching mechanism 616. The housing 604 includes a top

side 618, a bottom side 620, and sidewalls connecting the top side 618 and the bottom side 620.

As shown in FIG. 8, the tool-side receiving portion 606 is located on the top side 618, while the

battery-side receiving portion 608 is located on the bottom side 620 of the adapter 600. The tool-



side receiving portion 606 is configured to couple to the power tool 200. The battery-side

receiving portion 608 is configured to couple to the battery pack 400.

[0081] The tool-side receiving portion 606 includes a tool-side connector 622 (see FIG. 9).

The tool-side connector 622 includes a raised portion 626, and five contacts 628a-e. The raised

portion 626 protrudes from the top side 618 of the housing 604. The five contacts 628a-e are

partially covered by the raised portion 626. The five contacts 626a-e and the raised portion 626

form female contacts configured to receive the male blade terminals 252a-d of the device

interface 222 of the power tool 200.

[0082] The tool-side connector 622 (see FIG. 9) can also couple to a battery pack charger.

Accordingly, the tool-side connector 622 may also be referred to as a charger-side connector and

a tool/charger-side connector. The adapter 600 may exchange information with the charger. The

tool-side connector 622 receives male blades from the charger and provides electrical

communication with an external device 800. The battery pack charger includes five male blades.

The battery pack charger uses a fifth terminal to provide a charging current to the battery pack

400. Therefore, the adapter 600 includes the fifth contact 628e, among other reasons, to couple

to the battery pack charger and facilitate communication between the external device 800 and the

battery pack charger. Exemplary charger data that may be exported from the charger via the

adapter 600 includes charging history data and maintenance data. Charging history data can

include the number, types, and identities of batteries charged, as well as the charging current

provided to various batteries. Additionally, a user via the external device 800 may communicate

to the charger via the adapter 600 to add, delete, and modify charging schemes, firmware, and

various settings and parameters. For instance, a user can update charge current levels, timing for

switching between current levels, various thresholds used to determine charge current levels, and

add charging schemes for new batteries. Although the tool-side connector 622 is shown to

include five contacts 628a-e, in some embodiments, the tool-side connector 622 includes four

contacts (e.g., contacts 628a-d).

[0083] In the illustrated embodiment, the tool-side connector 622 also includes a raised bar

630. The raised bar 630 physically inhibits the adapter 600 from coupling to power tools 200

that are incompatible with the adapter 600. For example, in some embodiments, high-power



power tools may not couple with the adapter 600 and thereby, not exchange information with the

external device 800. In other embodiments, power tools 200 may be incompatible with the

adapter 600 for other reasons such as, for example, the power tool communication protocol is not

compatible with the adapter, the power tool 200 does not accept reconfiguration files from the

external device 800 for security reasons, the power tool 200 does not record information to be

exported through the adapter 600, etc. In other embodiments, the adapter 600 does not include

the raised bar 630 and is not prevented from coupling to certain power tools.

[0084] When the adapter 600 is coupled to the power tool 200, or another power tool device

including a similar device receiving portion 206, the adapter 600 substantially encloses and

covers the blade terminals 252a-d on the power tool 200. That is, the adapter 600 functions as a

cover for the terminals 252a-d of the power tool 200. Once the adapter 600 is disconnected from

the power tool 200, the terminals 252a-d on the power tool 200 are generally exposed to the

surrounding environment. In the illustrated embodiment, the adapter 600 is designed to

substantially follow the contours of the power tool 200 to match the general shape of the outer

casing of the handle 204 of the power tool 200. The adapter 600 also generally increases (e.g.,

extends) the length of the grip of the tool (i.e., the portion of the power tool below the main

body).

[0085] The adapter 600 is removable and interchangeably connected to various power tools

through the latching mechanism 616. The latching mechanism 616 releasably secures the

adapter 600 to the power tool 200. As shown in FIGS. 8 and 9, the latching mechanism 616

includes a pair of tabs 632 and a pair of actuators 634. The tabs 632 engage the notches 207 in

the device receiving portion 206 of the power tool 200. The tabs 632 are normally biased away

from the raised portion 626 (i.e., away from each other) by springs inside the housing 604.

When the tabs 632 are engaging the notches 207, the adapter 600 is secured in the device

receiving portion 206 of the power tool 200. Each actuator 634 is mechanically linked to one of

the tabs 632. Actuating (e.g., depressing) the actuators 634 inward moves the tabs 632 toward

the raised portion 626 (i.e., toward each other) and out of engagement with the notches 207 in the

device receiving portion 206 of the power tool 200. While the tabs 632 are out of engagement

with the recesses, the adapter 600 may be pulled out from the device receiving portion 206 and

away from the power tool 200. In some embodiments, rather than having multiple tabs, the



latching mechanism 616 includes only a single tab and a single actuator. In other embodiments,

the latching mechanism 616 includes more than two tabs 632 and/or more than one actuator 634.

[0086] FIGS. 8 and 9, as well as the above description, show that the tool-side connector 622

of the adapter 600 replicates the power interface 424 included in the battery pack 400 such that

the adapter 600 is compatible with the power tool 200. Therefore, the connection between the

power tool 200 and the adapter 600 replicates the connection between the power tool 200 and the

battery 400 such that the connections are intuitive to the user.

[0087] The battery-side receiving portion 608 includes a battery-side connector 624 (see

FIG. 10). The battery-side connector 624 includes a terminal block 636, and four male blade

terminals 638a-d extending beyond the housing 604. The terminal block 636 and the four male

blade terminals 638a-d are recessed in a cavity 640 of the battery-side receiving portion 608.

The cavity 640 is shaped such that the contours of the battery pack 400 match the general shape

of the cavity 640.

[0088] The four male blade terminals 638a-d are connected to the adapter 600 through the

terminal block 636, which connects the blade terminals 638a-d to the housing 604 and to the

other electronics of the adapter 600. When the adapter 600 is not coupled to the battery pack

400, the blade terminals 638a-d are generally exposed to the surrounding environment.

However, as discussed above with respect to the battery pack 400, when the battery 400 is

coupled to the adapter 600, the female contacts 412a-e of the battery pack 400 receive the blade

terminals 638a-d of the adapter 600. The female contacts 412a-e, therefore, cover the terminals

638a-d and protect them from the surrounding environment. As shown in FIG. 10, the cavity

640 includes two notches 642. The notches 642 receive the tabs 416 from the coupling

mechanism 408 of the battery pack 400. Therefore, when the battery pack 400 is coupled to the

adapter 600, the tabs 416 secure the battery pack 400 onto the adapter 600 by engaging the tabs

416 of the battery pack 400 with the notches 642 of the adapter 600.

[0089] As shown in FIGS. 8 and 11, the power switch 610, the communication port 612, and

the communication indicator 614 are positioned on a sidewall of the housing 604. In the

illustrated embodiment, the power switch 610, the communication port 612, and the

communication indicator 614 are positioned on the same front sidewall, such that when the



adapter 600 is coupled to the power tool 200 or another power tool device, the power switch 610,

the indicator 614, and the communication port 612 all face the front of the power tool 200 (i.e.,

toward the drive device 210 of the power tool 200). The front sidewall of the housing 604

includes a first surface 644 and a second surface 646. As shown in FIGS. 8 and 11, the first

surface 644 is generally perpendicular to the top side 618 and the bottom side 620. The second

surface 646 is positioned adjacent and between the first surface 644 and the top side 618 of the

housing 604, and at an oblique angle of approximately 30° with respect to both the top side 618

and the bottom side 620. The second surface 646, in some embodiments, is positioned at a

different oblique angle with respect to the top side 618 or the bottom side 620, such as an angle

between 15° and 45°, 25° and 65°, 25° and 45°, 45° and 65°, or 15° and 75°. In the illustrated

embodiment, the power switch 610 and the communication indicator 614 are positioned on the

second surface 646. This positioning allows the power switch 610 and the communication

indicator 614 to be easily accessible (e.g., visible) to the user. The position of the power switch

610 and the communication indicator 614 is similar to the position of the fuel gauge 422 on the

battery pack 400. For example, when the power tool 200 is coupled to the battery pack 400

through the adapter 600, looking forward toward the power tool 200 allows a user to determine

the charge state of the battery pack 400 via the fuel gauge 422, the power status of the adapter

600 via the power switch 610, and the communication status of the adapter 600 via the

communication indicator 614.

[0090] The communication port 612 is positioned on the first surface 644 of the front

sidewall. The communication port 612 is also connected to a PCB 650 of the adapter 600 (see

FIGS. 13-15) including other electronics relevant to the adapter 600. The communication port

612 includes a cavity 652 (see FIG. 15) that receives a compatible communication connector

such as, for example, a USB connector. In the illustrated embodiment, the cavity 652 has a

generally rectangular shape to accommodate the communication port 612. In other

embodiments, the shape of the cavity 652 may be different based on the shape of the particular

communication port 612.

[0091] The communication port 612 is protected by a cover 654. The cover 654 is attached

with a hinge on an upper edge of the cavity 652. The cover 654 is pivotable between an open

position and a closed position. In the open position, the cover 654 is at an angle with the first



surface 644 of the sidewall and the cavity 652 is exposed to the environment. In the closed

position, the cover 654 is flush with the sidewall of the housing 604 and the cavity 652 is

protected from the external environment (see FIGS. 11 and 12). For example, the cover 654 may

also prevent the ingress of dust, water, or other contaminants. To connect the external device

800 to the communication port 612 for communication via the adapter 600, the cover 654 is

placed in the open position. When the cover 654 is in the closed position the communication

port 612 is inaccessible and the external device 800 does not communicate with the adapter 600

through the communication port 612.

[0092] The adapter 600 also includes other electronic components that are mounted on the

PCB 650 and positioned within the adapter housing 604. The housing 604 includes a base plate

656 and a cover 657 (see FIGS. 10 and 11). The cover 657 couples to the base plate 656 and

protects the internal components of the adapter 600 from the surrounding environment. FIGS.

13-15 illustrate the adapter 600 when the cover 657 is removed.

[0093] As shown in FIGS. 13-15, the PCB 650 is positioned in between the terminal block

636 and the contacts 628a-e. As also shown in FIGS. 13-15, the base plate 656 supports the

electronics and structural components of the adapter 600. The terminal block 636 is coupled to

the housing 604 through a connecting plate 658. The blade terminals 638a-d extend through and

beyond the connecting plate 658 into the housing 604. Connecting wires 662 are shown coupled

(e.g., soldered) at one end of the PCB 650 and free at their respective opposite ends. However,

in a final assembly, each free end of the connecting wires 662 is coupled to a respective terminal

638a-d. Accordingly, the four blade terminals 638a-d are electrically connected to the PCB 650

through connecting wires 662. In the illustrated embodiment, the connecting plate 658 is

coupled to the base plate 656 through connecting members 664 (e.g., screws). In other

embodiments, the connecting plate 658 may be coupled to the base plate 656 by some other

coupling means such as, for example, adhesive. In yet other embodiments, the connecting plate

658 may be part of the base plate 656 and the blade terminals 638a-d may be coupled to the base

plate 656 directly.

[0094] The contacts 628a-e are coupled to the housing 604 through a support plate 668. The

support plate 668 holds the contacts 628a-e above the PCB such that they are accessible to a



connected device (e.g., the power tool 200) on the top side 618 of the housing 604. A portion of

each of the contacts 628a-e extends below the support plate 668 and is connected to the PCB 650

by a second set of connecting wires 670. Similar to the connecting wires 662, the connecting

wires 670 are illustrated as having a free end, but in a final assembly, the free ends of the

connecting wires 670 are each connected (e.g., soldered) to a respective contact 628a-e.

[0095] As shown in FIG. 14, the support plate 668 for the contacts 628a-e is coupled the

latching mechanism 616. In particular, the support plate 668 also supports the tabs 632 that

engage the notches 207 on the power tool 200. As shown in FIGS. 13-15, the housing 604 also

includes a mount member 672. The mount member 672 is connected to the support plate 668

and extends upward toward the top side 618 of the housing 604. The power switch 610 and the

communication indicator 614 are supported by the mount member 672. The height of the mount

member 672 allows the power switch 610 and the communication indicator 614 to be accessible

to the user and positioned on the (angled) second surface 646 of the front sidewall of the housing

604.

[0096] As shown in FIGS. 13-15, the PCB 650 extends horizontally across the adapter 600

with a mounting surface generally parallel to the top side 618 and the bottom side 620. The

communication port 612 is mounted directly on the PCB 650, as shown in FIG. 15. The PCB

650 also supports other electronic components of the adapter 600. As shown in FIG. 16, the

adapter also includes a controller 674, the tool side connector 622, the battery side connector

624, a communication interface 680, the communication indicator 614, a power input module

682, the power switch 610, an external memory receiver 678, and a display connector 676.

[0097] The controller 674 is electrically and/or communicatively connected to a variety of

modules and/or components of the adapter 600, as shown in FIG. 16. In some embodiments, the

controller 674 includes a plurality of electrical and electronic components that provide power,

operational control, and protection to the components and modules within the controller 674

and/or the adapter 600. For example, the controller 674 includes, among other things, a

processing unit 686 (e.g., a microprocessor, a microcontroller, or another suitable programmable

device), a memory 688, input units 690, and output units 692. The processing unit 686 includes,

among other things, a control unit 694, an arithmetic logic unit ("ALU") 696, and a plurality of



registers 698 (shown as a group of registers in FIG. 16), and is implemented using a known

computer architecture, such as a modified Harvard architecture, a von Neumann architecture, etc.

The processing unit 686, the memory 688, the input units 690, and the output units 692, as well

as the various modules connected to the controller 674 are connected by one or more control

and/or data buses (e.g., common bus 700). The control and/or data buses are shown generally in

FIG. 16 for illustrative purposes. In some embodiments, the controller 674 is implemented

partially or entirely on a semiconductor (e.g., a field-programmable gate array ["FPGA"]

semiconductor) chip, such as a chip developed through a register transfer level ("RTL") design

process.

[0098] The memory 688 includes, for example, a program storage area and a data storage

area. The program storage area and the data storage area can include combinations of different

types of memory, such as read-only memory ("ROM"), random access memory ("RAM") (e.g.,

dynamic RAM ["DRAM"], synchronous DRAM ["SDRAM"], etc.), electrically erasable

programmable read-only memory ("EEPROM"), flash memory, a hard disk, an SD card, or other

suitable magnetic, optical, physical, or electronic memory devices. The processing unit 686 is

connected to the memory 688 and executes software instructions that are capable of being stored

in a RAM of the memory 688 (e.g., during execution), a ROM of the memory 688 (e.g., on a

generally permanent basis), or another non-transitory computer readable medium such as another

memory or a disc. Software included in the implementation of the adapter 600 can be stored in

the memory 688 of the controller 674. The software includes, for example, firmware, one or

more applications, program data, filters, rules, one or more program modules, and other

executable instructions. The controller 674 is configured to retrieve from memory and execute,

among other things, instructions related to the control processes and methods described herein.

[0099] In the illustrated embodiment, the controller 674 is also configured to store power

tool information, battery pack information, or information received from another power tool

device on the memory 688 of the adapter 600. When the adapter 600 receives data from, for

example, the power tool 200 through the tool-side connector 622, the adapter 600 stores the

received data in the memory 688. The adapter 600 may at a future point in time be coupled to

the external device 800 to output the power tool data stored in memory 688. Analogously, the

adapter 600 may be coupled to the external device 800 to obtain configuration data and/or



programming data specific for the power tool 200. The adapter 600 may couple to the power

tool 200 at a future point in time and relay the configuration and programming information to the

power tool 200 via the tool-side connector 622.

[00100] The tool-side connector 622 includes the five contacts 628a-e. The five contacts

628a-e include a positive power contact 628a, a negative power contact 628b, and three

communication contacts 628c-e. The positive power contact 628a and the negative power

contact 628b are configured to connect to the power terminals 252a,b on the power tool 200.

The positive and negative power contacts 628a-b provide operational power (i.e., voltage and

current) to the power tool 200. The adapter 600 communicates with the power tool 200, or

another power tool device through at least two of the communication contacts 628c-e. The two

communication terminals 252c-d of the power tool 200 align with two of the three

communication contacts 628c-e of the adapter 600 to enable communication between the

devices. The third contact of the communication contacts 628c -e is unmated and not used in this

instance, but may be used in connection with other power tools and devices. The adapter 600

communicates with the power tool 200 to obtain information regarding the power tool status,

operation statistic, or power tool identification. The adapter 600 can also write data to the power

tool 200 for power tool configuration, firmware upgrades, or to send commands (e.g., turn on a

worklight).

[00101] The adapter 600 exchanges data/information with the power tool 200, or another

similar power tool device by transmitting and receiving signals through the two communication

terminals 252c-d and two communication contacts 628c-d. The adapter 600 and the power tool

200 include programmed instructions specifying which terminal/contact will be used for the

adapter 600 to transmit data and which terminal/contact will be used for the power tool 200 to

transmit data. In other words, when explained from the perspective of the adapter 600, one

communication contact 628c is used to transmit data to the power tool 200 and the second

communication contact 628d is used to receive data from the power tool 200. In other

embodiments, the adapter 600 may transmit data to the power tool 200 using the second

communication contact 628d and receive data from the power tool 200 using the first

communication contact 628c. Once the transmitter/receiver terminals/contacts have been



established, the adapter 600 and the power tool 200 may exchange data over the two

communication links.

[00102] In the illustrated embodiment, the adapter 600 and the power tool 200 use a software

communication technique to exchange data over the communication terminals 252c-d and the

communication contacts 628c-d. In the illustrated embodiment, the adapter 600 becomes the

master device and the power tool 200 becomes the slave device. The master device (i.e., the

adapter 600) initiates data communication. In other embodiments, the power tool 200 is the

master device and the adapter 600 the slave device. To begin communication, the adapter 600

sends a start signal to the power tool 200. After the start signal has been sent, the adapter 600

utilizes software executed by the processing unit 686 to alternate (i.e., switch between a high

output and a low output) a transmit pin of the controller 674 that is coupled to the

communication contact 628c. The start signal is used to communicate to the power tool 200 (or

slave device) the baud rate and stop bits for the communication between the adapter 600 and the

power tool 200. The power tool 200 detects the start signal, determines the communicated baud

rate and stop bits, and begins sampling the terminal 252c coupled to the communication contact

628c. The adapter 600 sends a predetermined number of bits and then sends a stop signal. In the

illustrated embodiment, the start signal is a high output on the transmitter contact 628c for the

duration of two bits and the stop signal is a low output on the transmitter contact 628c for the

duration of two bits. The power tool 200 detects the start signal and begins sampling the

terminal 252c coupled to the communication contact 628c to receive data bits output by the

adapter 600. The power tool 200 samples the value of each bit and stores it in a register. The

power tool 200 then recognizes the stop signal and waits for another start signal from the adapter

600. If the adapter 600 has finished transmitting bits to the power tool 200, the power tool 200

can respond to the adapter 600 by sending the start signal, a predetermined number of bits, and

the stop signal. In other words, the power tool 200 can transmit information/data to the adapter

600 using a similar procedure with reversal of roles (e.g., the power tool 200 transmits, the

adapter 600 receives) and using the other communication terminal 252d and communication

contact 628d.

[00103] To ensure that communication occurs accurately, the power tool 200 and the adapter

600 set or are preprogrammed with certain communication parameters. For example, the power



tool 200 and the adapter 600 communicate at the same baud rate, which allows the power tool

200 and the adapter 600 to sample the signals on the transmit pins appropriately. The power tool

200 and the adapter 600 also communicate using a specific data packet size. The data packet

size refers to the number of bits the power tool 200 or the adapter 600 transmits between each

start and stop signal. In the illustrated embodiment, the power tool 200 and the adapter 600

communicate with a data packet size of eight bits. That is, the transmitting device (either the

adapter 600 or the power tool 200) transmits the start signal, eight data bits, and the stop signal.

The receiving device then knows that the first bit corresponds to the start signal, the following

eight bits correspond to encoded data, and the last signal corresponds to the stop signal.

Communicating in such a way allows the power tool 200 and the adapter 600 to segment the data

and make it easier for the receiving device to decode. The power tool 200 and the adapter 600

also set or are programmed to communicate in the same endiannes, which refers to the order in

which bits are transmitted. In the illustrated embodiment, the most significant bit is transmitted

first. In other embodiments, the least significant bit is transmitted first. These and other

communication parameters may be preprogrammed into the adapter 600 and the power tool 200.

In other embodiments, the user may be able to change some of these parameters such as, for

example, the baud rate. The user may adjust the baud rate using the external device 800 and

communicating the change in baud rate to both the adapter 600 and the power tool 200.

[00104] In other embodiments, rather than communicating using the software implemented

method described above, the adapter 600 and the power tool 200 exchange data over the

communication terminals 252c-d and the communication contacts 628c-d using one or more

universal asynchronous transmitter/receivers ("UART") to encode and decode the transmissions

between the adapter 600 and the power tool 200. In other embodiments, the power tool 200 and

the adapter 600 may use similar hardware to encode and decode the communication over the data

terminals 252c-d and the communication contacts 628c-d.

[00105] The battery-side connector 624 includes the four terminals 638a-d. The four male

blade terminals 638c-d include a power positive terminal 638a, a power negative terminal 638b,

a first communication terminal 638c, and a second communication terminal 638d. The power

positive terminal 638a and the power negative terminal 638b are configured to connect to power

terminals on the battery pack 400 or other power tool device. The power terminals 638a, 638b



on the battery-side connector 624 receive operational power (i.e., voltage and current) from the

battery pack 400. The operational power may be transmitted to the power tool 200, used to

power the adapter 600, or both.

[00106] The adapter 600 uses the first communication terminal 638c and the second

communication terminal 638d to exchange information with the battery pack 400. The adapter

600 uses a similar communication protocol as was described between the power tool 200 and the

adapter 600. Therefore, software executed by the processing unit 686 allows a transmit pin of

the controller 674 to be toggled between low output and high output to send a start signal, data

bits, and a stop signal. The battery pack 400 uses the processing unit 430 to sample and decode

the transmitted bits.

[00107] The communication interface 680 is coupled between the external device 800 and the

controller 674 of the adapter 600 to allow the adapter 600 to communicate and exchange data

with the external device 800. As shown in FIG. 16, the communication interface 680 includes

the communication port 612 and a wireless communication module 684. The communication

between the adapter 600 and the external device 800 is implemented using hardware-driven

serial communications through the communication port or using wireless transceivers through

the wireless communication module 684.

[00108] The communication port 612 includes a positive power terminal, a negative power

terminal, and at least one data terminal. The communication port 612 receives power from the

external device 800 through the positive power terminal and the negative power terminal. The

adapter 600 may receive electrical power from the external device 800 and power the controller

674 as well as other electrical components of the adapter 600. The adapter 600 and the external

device 800 exchange data over the at least one data terminal of the communication port 612

using serial communication protocols.

[00109] In the illustrated embodiment, the communication port 612 includes a universal serial

bus (USB) port. The USB port 612 includes a positive power terminal, a negative power

terminal, and two data terminals. The adapter 600 and the external device 800 utilize the two

data terminals on the USB port 612 to exchange data using differential signaling. As discussed



above, the adapter 600 and the external device 800 exchange data regarding the power tool 200,

the battery pack 400, or another power tool device to which the adapter 600 can be connected.

[00110] In other embodiments, the communication port 612 may include another type of

communication port. For example, the communication port 612 may include an RS-232 port, a

microUSB port, a proprietary port, etc. Furthermore, the adapter 600 may include more than one

communication port 612 such that the adapter 600 is compatible with different external devices

800 that may include different types of communication ports or connectors.

[00111] The wireless communication module 684 provides an alternative way for the adapter

600 to communicate with the external device 800. That is, the wireless communication module

684 selectively uses the communication port 612 or the wireless communication module 684 to

communicate with the external device 800. The wireless communication module 684 includes a

radio transceiver and an antenna to send and receive wireless messages to and from the external

device 800. The wireless communication module 684 may be used, for example, when the

external device 800 does not include a connector or port compatible with the communication port

612, or when wireless communication is preferred by a user. The wireless communication

module 684 may include its own controller to effect wireless communications between the

adapter 600 and the external device 800. For example, a controller associated with the wireless

communication module 684 may buffer incoming and/or outgoing data, communicate with the

controller 674, and determine the communication protocol and /or settings to use in wireless

communications .

[00112] In the illustrated embodiment, the wireless communication module 684 is a

Bluetooth® module. The Bluetooth® module communicates with the external device 800

employing the Bluetooth ® protocol. Therefore, in the illustrated embodiment, the external

device 800 and the adapter 600 are in proximity of each other while they exchange data. In other

embodiments, the wireless communication module 684 communicates using other protocols

(e.g., Wi-Fi, cellular protocols, etc.) over a different type of wireless networks. For example, the

wireless communication module 684 may be configured to communicate via Wi-Fi through a

wide area network such as the Internet or a local area network, or to communicate through a

piconet (e.g., using infrared or NFC communications). The communication via the



communication interface 680, both wired and wireless, may be encrypted to protect the data

exchanged between the adapter 600 and the external device/network 800 from third parties.

[00113] By electrically coupling the tool-side connector 622, the battery-side connector 624,

and the communication interface 680, the adapter 600 enables communications between the

external device 800 and the power tool 200, the battery pack 400, or another power tool device.

The adapter 600 is configured to receive data from the power tool 200 and the battery pack 400

and relay the information to the external device 800. In a similar manner, the adapter 600 is

configured to receive information (e.g., configuration and programming information) from the

external device 800 and relay the information to the power tool 200, the battery pack 400, or

another power tool device.

[00114] The communication indicator 614 provides a visual indication to the user regarding

the power and communication status of the adapter 600. The communication indicator 614

includes an LED that is connected to the PCB 650 of the adapter 600 (see FIGS. 13-15). The

communication indicator 614 is configured to illustrate whether the adapter 600 is powered, and

whether the adapter 600 is communicating with the external device 800 through the

communication port 612 or through the wireless communication module 684. In the illustrated

embodiment, when the adapter 600 is powered on, the communication indicator 614 lights up

solid. When the adapter 600 is communicating with the external device 800 through the

communication port 612 or the wireless communication module 684, the communication

indicator 614 lights up and flashes at a predetermined rate. In other embodiments, the

communication indicator 614 flashes at a first predetermined rate when the adapter 600

communicates with the external device 800 using the communication port 612 and flashes at a

second predetermined rate when the adapter 600 communicates with the external device 800

using the wireless communication module 684. In other embodiments, the communication

indicator 614 lights up in a first color when the adapter 600 communicates with the

communication port 612 and in a second color when the adapter 600 communication with the

wireless communication module 684.

[00115] In yet other embodiments, when the adapter 600 communicates with the external

device 800 through the communication port 612, the communication indicator 614 does not light



up. Instead, when the adapter 600 communicates with the external device 800 using the wireless

communication module 684, the communication indicator 614 lights up. In other embodiments,

the adapter 600 may include one indicator for each type of communication interface with the

external device 800. In other embodiments, the adapter 600 may, additionally or alternatively,

activate the indicator 614 when the adapter 600 communicates with the external device 800 via

the communication port 612.

[00116] The power input module 682 is configured to receive the electrical power from the

battery pack 400, the external device 800, an integrated power source (e.g., a 9V battery), or a

combination thereof. The power input module 682 is also configured to condition the received

power into usable power for the various components of the adapter 600. Conditioning the power

may include, for example, reducing the electrical power received by the power input module 682

into the appropriate voltage and/or current parameters, or filtering the power received by the

power input module 382. The power input module 682 communicates with the controller 674 to

determine the power parameters necessary for the controller 674 and ensure that the power

provided by the power input module 682 meets the necessary power parameters of the controller

674 and of the other electronic components of the adapter 600.

[00117] The power input module 682 is in electrical communication with the battery-side

connector 624 and with the communication port 612. As described above, both the battery-side

connector 624 and the communication port 612 are configured to receive electrical power

through the power terminals (e.g., 638a-b). The power input module 682 is configured to receive

electrical power from at least one of the battery side connector 624 and the communication port

612. When the adapter 600 is coupled to the battery pack 400, the adapter 600 receives electrical

power (i.e., voltage and current) from the battery pack 400 through the battery side connector

624 (i.e., the blade terminals 638a-b). When the adapter 600 is coupled to the external device

800 through the communication port 612, the adapter 600 receives electrical power from the

communication port 612. Although the external device 800 is configured to provide electrical

power to the power tool 200 through the communication port 612, the power from the external

device 800 may not be sufficient to energize the motor 214 of the power tool 200. Rather, the

power from the external device 800 is used to power the controller 226 of the power tool 200,

such that data can still be exchanged between the power tool 200 and the external device 800.



[00118] In some situations, the adapter 600 may be coupled to both the battery pack 400 via

the battery side connector 624 and the external device 800 through the communication port 612

at the same time. In such instances, the adapter 600 defaults to receiving electrical power from

the battery pack 400. In other embodiments, the adapter 600 may default to receiving electrical

power from the external device 800 through the communication port 612. In some embodiments,

the adapter 600 may be configured to receive electrical power from both the battery pack 400

and the external device 800 when both the battery pack 400 and the external device 800 are

physically and electrically coupled to the adapter 600. In such embodiments, the battery pack

400 may be utilized to power some components of the adapter (e.g., an LCD display, the

communication indicator 614, etc.) while the external device 800 is utilized to power different

components of the adapter (e.g., the controller 674, the wireless communication module 684,

etc.).

[00119] The power switch 610 is a push-button switch that turns the adapter 600 on and off.

When the adapter 600 is on, communication between the external device 800 and the power tool

200 or the battery pack 400 is enabled. When the adapter 600 is off, communications between

the power tool 200 and the external device 800 or between the battery pack 400 and the external

device 800 cease. In some embodiments, the power switch 610 also includes a lighting element

that lights up when the adapter 600 is powered and lights off when the adapter 600 is not

powered, thereby providing a visual indication to the user of the power status of the adapter 600.

In some embodiments, if the adapter 600 is coupled to both the power tool 200 and the battery

pack 400, the power tool 200 and the battery pack 400 can communicate with each other and

perform general operations (i.e., the battery pack 400 can transmit electrical power to the power

tool 200 to drive the motor 214) regardless of whether the adapter 600 is on or off. In other

embodiments, however, the power tool 200 and the battery pack 400 can only communicate with

each other and perform general operations when the adapter 600 is either on or removed such

that the battery pack 400 is connected directly with the power tool 200.

[00120] The adapter 600 switches between a data transmission mode and a pass-through

mode. In the data transmission mode, the adapter 600 communicates with the power tool 200,

the battery pack 400, or another power tool device using the techniques described above. During

the data transmission mode, the adapter 600 can receive and transmit information related to, for



example, power tool usage data, usage statistics, power too identification, power tool

maintenance data, battery pack discharge cycles, battery pack charge cycles, battery pack

conditions and characteristics, configuration and programming data, firmware updates, or a

command (e.g., sound an alert tone or flash an LED).

[00121] The pass-through mode refers to the operation of the adapter 600 during which data

communication does not occur and during which electrical power from the battery pack 400 is

passed through the adapter 600 to reach the power tool 200. Instead of exchanging information

between the power tool 200 or the battery pack 400, the adapter 600 serves as an intermediary

pathway between the device interface 222 of the power tool 200 and the power interface 424 of

the battery pack 400. During the pass-through mode, the battery pack 400 transmits electrical

power to the power tool 200, which enables the power tool 200 to perform the associated task

(e.g., drilling, driving, sawing, sanding, etc.).

[00122] The adapter 600 switches between the data transmission mode and the pass-through

mode based on the state of the power tool 200. When the power tool 200 is in the active state,

the adapter 600 operates in the pass-through mode such that the power tool 200 receives

electrical power from the battery pack 400 and communication between the power tool 200 and

the battery 400 is enabled. On the other hand, when the power tool 200 is in the idle state, the

adapter 600 is able to exchange data with the power tool 200 or with the battery pack 400, if

connected. Accordingly, the adapter 600 operates in the data transmission mode when the power

tool 200 is in the idle state and operates in the pass-through mode when the power tool 200 is in

the active state.

[00123] FIG. 1 schematically illustrates the connections between the power tool 200, the

adapter 600, and the battery pack 400. As shown in FIG. 17, the power tool 200 is in electrical

communication with the battery pack 400. The power input module 682 is coupled to the power

link 702 between the battery pack 400 and the power tool 200. Therefore, when the battery pack

400 is coupled to the adapter 600, the power link 702 provides electrical power to the power tool

200 and to the power input module 682 of the adapter 600. The controller 674 of the adapter 600

is coupled to the communication links 704 between the power tool 200 and the battery pack 400.

The controller 674 of the adapter 600 monitors the signals exchanged over the communication



link 704 to determine the state of the power tool 200. When the power tool 200 is ready to

receive electrical power from the battery 400 to energize the motor 214, the power tool 200

sends a power request signal over the communication link 702. The adapter 600 determines that

the power tool 200 is in the active state when the adapter 600 detects that the power tool 200

transmitted the power request signal. The adapter 600 determines that the power tool 200 is in

the idle state when the power tool 200 does not transmit the power request signal to the battery

pack 400. In the illustrated embodiment, the power request signal incudes setting one of the

communication channels to a high output. In other embodiments, the power request signal

includes setting one or both of the communication channels to a low output. In yet other

embodiments, the power request signal includes a specific code or value that is transmitted to the

battery pack 400.

[00124] FIG. 18 illustrates the method in which the adapter 600 switches between operating

in the data transmission mode and the pass-through mode based on the state of the power tool

200. The adapter 600 first receives information regarding the state of the power tool 200 (step

706). In the illustrated embodiment, the information includes a reading of the communication

link 704 between the power tool 200 and the battery pack 400. The adapter 600 then uses the

received information to determine the state of the power tool 200 (step 708). If the adapter 600

determines that the power tool is in the active state, the adapter 600 operates in the pass-through

mode and allows the battery pack 400 to provide electrical power to the power tool 200 to

energize the motor 214 (step 712). If, on the other hand, the adapter 600 determines that the

power tool is in the idle state, the adapter 600 then determines whether data exchange has been

initiated (step 716). If data exchange between the adapter 600 and the power tool 200 or

between the adapter 600 and the battery pack 400 has not been initiated, the adapter 600

continues to monitor the communication link 704 between the power tool 200 and the battery

pack 400 to receive state information from the power tool 200 (step 706). If communication

between the adapter 600 and the power tool 200 or between the adapter 600 and the battery pack

400 has been initiated, the adapter 600 exchanges data between the adapter and the power tool

device (step 718). The adaptor 600 continues to cycle through the method steps of FIG. 18 over

the course of a data exchange and, accordingly, if the power tool 200 requests power from the

battery pack 400, the data exchange may be interrupted mid-stream.



FIG. 19 illustrates a schematic diagram for an alternative connection between the power

tool 200, the adapter 600, and the battery pack 400. As shown in FIG. 19, the signals from the

power tool 200 are received by the controller 674 of the adapter 600. Similarly, the signals from

the battery pack 400 are received by the controller 674 of the adapter 600. The controller 674

continues to monitor the incoming signals from both the power tool 200 and the battery pack 400

to determine if the power tool 200 changes from an idle state to an active state or vice versa.

When the adapter 600 operates in the pass-through mode, the controller 674 of the adapter 600

continues to receive information exchanged between the power tool 200 and the battery pack

400. The controller 674 includes hardware and/or software that allows the adapter controller 674

to set the output connections to the power tool 200 substantially equal to the input connections of

the battery pack 400 and vice versa, allowing signals to essentially pass through the controller

674. When the adapter 600 operates in the data transmission mode, the controller 674 of the

adapter 600 receives information from the power tool 200 and/or from the battery pack 400.

[00125] In some embodiments, during the data transmission mode, the adapter 600 does not

store received data in memory 688. Rather, the adapter 600 is connected to both the external

device 800 and the power tool device (e.g., the power tool 200 or the battery pack 400)

simultaneously to exchange data between the external device 800 and the power tool device. In

such embodiments, since the data is moving seemingly immediately from the power tool 200 to

the external device 800 or from the external device 800 to the power tool 200, the adapter 600

optionally does not store the data in the memory 688. Rather, the adapter 600 may include a

buffer that momentarily holds the data received from the power tool 200 or battery pack 400

before the adapter 600 transmits the data to the external device 800, and that holds the data

received from the external device 800 en route to the power tool 200 or the battery pack 400.

[00126] In some embodiments, the adapter 600 may be capable of both storing power tool

data, battery pack data, and data received from another power tool device in the memory 688 and

retrieve the data at a later time, and of transmitting the data seemingly instantaneously between

the power tool 200, the battery pack 400, or another power tool device and the external device

800. In such embodiments, the adapter 600 may default to exchanging data seemingly

instantaneously when both a power tool device (e.g., the power tool 200, the battery pack 400,

etc.) and the external device 800 are coupled to the adapter 600.



[00127] In the illustrated embodiment, the controller 674 is also coupled to the external

memory receiver 678 to store additional or duplicative data on an external memory coupled

thereto. The external memory receiver 678 may include, for example, a port positioned on the

housing 604 of the adapter 600 for receiving an external memory (e.g., an SD card). The port for

the external memory is not shown in the figures, but may be positioned on a sidewall of the

housing 604. For example, a slot for receiving an SD card can be positioned on a back sidewall

opposite the communication port 612. The external memory receiver 678 allows power tool data

and battery pack data to be stored separate from the adapter 600. For example, a set of power

tools may be associated with the same owner. Tool and/or battery pack data can be exported

from each power tool one at a time, and saved onto the external memory. The owner can then

keep the data associated with the set of power tools in the same external memory to back up the

data stored on the external device 800, or to avoid storing the data on the external device 800.

The external memory may also provide additional protection for the data stored therein. In the

illustrated embodiment, the external memory includes a Secure Digital ("SD") card. In other

embodiments, the external memory may include other types of memory such as, for example, a

USB flash drive.

[00128] The controller 674 is also connected to the display connector 676. The display

connector 676 is provided on the adapter 600 to provide the user with an alternative way of

interacting with the communication system 100, and in particular, with the adapter 600. A user

may connect a display to the display connector 676 and be able to access information without

exporting the data to the external device 800. For example, if the user wishes to quickly access

maintenance information for the power tool 200, the user may couple the power tool 200 to the

adapter 600, connect a display to the display connector 676, and access the maintenance

information stored on the tool. Therefore, the user can access power tool 200 and/or battery pack

400 information without exporting data from the power tool device (e.g., the power tool 200, the

battery pack 400, etc.) and importing data from the adapter 600 to the external device 800. In

some embodiments, the display can be integral to the adapter 600 and positioned on a sidewall of

the housing 604.

[00129] FIG. 20 illustrates the adapter 600 coupled to both the power tool 200 and the battery

pack 400. As shown in FIG. 20, when coupled to the power tool 200, both the adapter 600 and



the battery pack 400 increase the height of the power tool 200. FIG. 20 also illustrates a

horizontal offset H between the adapter 600 and the battery pack 400. Such a horizontal offset H

allows the angled surfaces 644 and 425 of the adapter 600 and the battery pack 400, respectively

to be accessible (i.e., visible) to a user.

[00130] FIG. 2 1 illustrates a second communication system 1000. The second

communication system 1000 includes similar components as the first communication system 100

shown in FIG. 1, and like parts have been given like reference numbers, plus 1000. The second

communication system 1000 includes a first power tool 1200, a second power tool 1300, a

battery pack 1400, an external device 1800, and an external server 1900.

[00131] The first power tool 1200, the battery pack 1400, and the second power tool 1300

each include a wireless communication module that allows the power tool devices to

communicate directly with the external device 1800. The power tool devices (e.g., the first

power tool 1200, the second power tool 1300, and the battery pack 1400 may communicate

power tool status, power tool operation statistics, power tool identification, stored power tool

usage information, power tool maintenance data, battery pack status, battery pack state of charge,

battery pack operation statistics, battery pack identification, battery pack discharge and charge

cycles, battery pack maintenance data, and the like. The external device 1800 can also write data

to the first power tool 1200, the second power tool 1300, and/or the battery packl400 for power

tool configuration, battery pack configuration, firmware upgrades, or to send commands (e.g.,

turn on a worklight). The external device 1800 also allows a user to set operational parameters,

safety parameters, select tool modes, select battery pack options, and the like.

[00132] The external device 1800 may be, for example, a laptop computer, a tablet computer,

a smartphone, a cellphone, or another electronic device capable of communicating with the

adapter 600 and providing a user interface. The external device 1800 includes a wireless

communication module that is compatible with the wireless communication module of the first

power tool 1200, the second power tool 1300, and the battery pack 1400. The external device

1800, therefore, grants the user access to data related to the first power tool 1200, the second

power tool 1300, the battery pack 1400, or another power tool device (e.g., a charger), and



provides a user interface such that the user can interact with the controller of the first power tool

1200, the second power tool 1300, the battery pack 1400, or another power tool device.

[00133] In addition, the external device 1800 can also share the information obtained from the

first power tool 1200, the second power tool 1300, the battery pack 1400, or another power tool

device with a remote server 1900. The remote server 1900 may be used to store the data

obtained from the external device 1800, provide additional functionality and services to the user,

or a combination thereof. In one embodiment, storing the information on the remote server 1900

allows a user to access the information from a plurality of different locations. In another

embodiment, the remote server 1900 may collect information from various users regarding their

power tool devices and provide statistics or statistical measures to the user based on information

obtained from the different power tools. For example, the remote server 1900 may provide

statistics regarding the experienced efficiency of the power tools 1200, 1300, or battery pack

1400, typical usage of the power tools 1200, 1300, and other relevant characteristics and/or

measures of the power tools 1200, 1300 or the battery pack 1400.

[00134] As shown in FIG. 22, the first power tool 1200 includes similar components to those

of the power tool 200 shown in FIGS. 2-4, and like parts have been given like reference

numbers, plus 1000. The controller 1226, however, is also in communication with a wireless

communication module 1250. The wireless communication module 1250 includes a radio

transceiver and an antenna to send and receive wireless messages to and from the external device

1800. In some embodiments, the wireless communication module 1250 includes its own

controller to effect wireless communications between the first power tool 1200 and the external

device 1800. For example, a controller associated with the wireless communication module

1250 may buffer incoming and/or outgoing data, communicate with the controller 1226, and

determine the communication protocol and /or settings to use in wireless communications.

[00135] In the illustrated embodiment, the wireless communication module 1250 is a

Bluetooth® module. The Bluetooth® module communicates with the external device 1800

employing the Bluetooth ® protocol. Therefore, in the illustrated embodiment, the external

device 1800 and the first power tool 1200 are in proximity of each other while they exchange

data. In other embodiments, the wireless communication module 1250 communicates using



other protocols (e.g., Wi-Fi, cellular protocols, etc.) over a different type of wireless networks.

For example, the wireless communication module 1250 may be configured to communicate via

Wi-Fi through a wide area network such as the Internet or a local area network, or to

communicate through a piconet (e.g., using infrared or NFC communications). The

communication via the communication module 1250 may be encrypted to protect the data

exchanged between the first power tool 1200 and the external device/network 1800 from third

parties.

[00136] As discussed above, the wireless communication module 1250 is configured to

receive data from the power tool controller 1226 and relay the information to the external device

1800. In a similar manner, the wireless communication module 1250 is configured to receive

information (e.g., configuration and programming information) from the external device 1800

and relay the information to the power tool controller 1226. The other components and

operations of the power tool 1200 are similar to those described with reference to the power tool

200 of the communication system shown in FIG. 1.

[00137] As shown in FIG. 23, the second power tool 1300 is similar to the first power tool

1200 and similar components are given like reference numerals plus 100. The second power tool

1300 also includes, among other things, a wireless communication module 1350 and a controller

1326. The second power tool 1300 is a corded power tool and receives electrical power from an

external AC source through a power cord 1322 rather than through a battery pack (e.g., the

battery pack 1400). The power cord 1322 connects to an external AC source (e.g. a wall outlet

or a portable AC source). The power cord 1322 then connects to a power input unit 1324 that

conditions the electrical power received through the power cord 1322 to an appropriate power

level for the controller 1326. The power cord 1322 is also coupled to the switching network

1316 to provide power to the motor 1314. The controller 1326 controls the states of different

switches within the switching network 13 16 to thereby control operation of the motor 1314. The

other components and operations of the second power tool 1300 are similar to those described

with reference to the first power tool 1200.

[00138] As shown in FIG. 24, the battery pack 1400 includes similar components to those of

the battery pack 400 shown in FIGS. 5-7, and like parts have been given like reference numbers



plus 1000. The controller 1420, however, is further in communication with a wireless

communication module 1450. The wireless communication module 1450 includes a radio

transceiver and an antenna to send and receive wireless messages to and from the external device

1800. In some embodiments, the wireless communication module 1450 includes its own

controller to effect wireless communications between the battery pack 1400 and the external

device 1800. For example, a controller associated with the wireless communication module

1450 may buffer incoming and/or outgoing data, communicate with the controller 1420, and

determine the communication protocol and /or settings to use in wireless communications.

[00139] In the illustrated embodiment, the wireless communication module 1450 is a

Bluetooth® module. The Bluetooth® module communicates with the external device 1800

employing the Bluetooth ® protocol. Therefore, in the illustrated embodiment, the external

device 1800 and the battery pack 1400 are in proximity of each other while they exchange data.

In other embodiments, the wireless communication module 1450 communicates using other

protocols (e.g., Wi-Fi, cellular protocols, etc.) over a different type of wireless networks. For

example, the wireless communication module 1450 may be configured to communicate via Wi-

Fi through a wide area network such as the Internet or a local area network, or to communicate

through a piconet (e.g., using infrared or NFC communications). The communication via the

communication module 1450 may be encrypted to protect the data exchanged between the first

battery pack 1400 and the external device/network 1800 from third parties.

[00140] As discussed above, the wireless communication module 1450 is configured to

receive data from the battery pack controller 1420 and relay the information to the external

device 1800. In a similar manner, the wireless communication module 1450 is configured to

receive information (e.g., configuration and programming information) from the external device

1800 and relay the information to the battery pack controller 1420. The other components and

operations of the battery pack 1400 are similar to those described with reference to the battery

pack 400 of the communication system shown in FIG. 1.

[00141] In the illustrated embodiment, the wireless modules 1250, 1350, 1450 included in the

first power tool 1200, the second power tool 1300, and the battery pack 1400 are substantially

similar (e.g., Bluetooth® communication modules). Using similar wireless communication



modules 1250, 1350, 1450 allows the power tool devices to be compatible with each other and

with generally the same external devices 1800. In other embodiments, however, the wireless

communication module 1250, 1350, 1450 in each of the power tool devices may be different

from each other. In such embodiments, the external device 1800 may include different

communication modules to accommodate the wireless communication modules 1250, 1350,

1450 of the different power tool devices, or each of the power tool devices 1200, 1300, 1400

may be compatible with different sets of external devices 1800.

[00142] The first power tool 1200 and the battery pack 1400 shown in FIGS. 22 and 24, in

some embodiments, can optionally communicate with the external device 1800 via the terminals

and contacts in conjunction with the adapter 600 shown in FIGS.8-16. Thus, in these

embodiments, the first power tool 1200 and the battery pack 1400 can selectively communicate

with the external device 1800 wirelessly and/or via a wired connection. As discussed with

respect to the first communication system shown in FIG. 1 and the second communication

system shown in FIG. 21, the external device 800/1800 can be used to configure different

parameters of a power tool 200/1200/1300. In particular, the external device 800/1800 can be

used to program a specific mode for the power tool 200/1200/1300. When a user selects that

particular mode on the power tool 200/1200/1300, the power tool 200/1200/1300 functions

according to the specific mode.

[00143] FIG. 25 illustrates an impact driver 1500 operable to communicate with an external

device 800, 1800 via an adapter like the power tool 200 and/or wirelessly like power tool 1200.

The external device 800, 1800 allows a user to select, change, and/or modify power tool modes

of the impact driver 1500. Although the power tool 1500 illustrated and described is an impact

driver, power tool modes can similarly be changed on a variety of power tool (e.g., a power drill,

a hammer drill, a pipe cutter, etc.). As shown in FIG. 25, the impact driver 1500 includes an

upper main body 1502, a handle 1504, a device receiving portion 1506, mode selection switches

1508, an output drive device or mechanism 1510, and a trigger 1512. The impact driver 1500

includes similar components to the power tool 200 shown in FIGS. 2-4, and to the power tool

1200 shown in FIG. 22. In other words, in some embodiments, the impact driver 1500

communicates with the adapter 600 to exchange information with the external device 800. In



other embodiments, the impact driver 1500 includes a wireless communication module to

communicate directly with the external device 1800.

[00144] The mode selection switches 1508 allow a user to select a mode of operation for the

impact driver 1500. As shown in FIG. 26, the mode selection switches 1508 include a push

button 1509 and mode indicators 15 1la-d. The mode indicators 15 1la-d display to the user

which mode of operation is currently selected. In the illustrated embodiment, the mode

indicators 15 1la-d include LEDs. In other embodiments, the mode indicators 15 1la-d may

include other type of lighting elements (OLEDs), a display, a rotary knob, an icon, or any other

visual or tactile indicator that allows the user to identify the current operation mode for the

impact driver 1500. A user presses the push button 1509 to cycle through the different available

modes of operation for the impact driver 1500. In other words, one press of the push button

1509 selects a first mode for the impact driver 1500, a second press of the push button 1509

selects a second mode for the impact driver 1500, and so on. The number of mode indicators

151 la-d (i.e., four) is representative of the number of modes that the impact driver 1500 may

have assigned to it at a given time and available through cycling via the push button 1509 (i.e.,

four). In other words, in the illustrated embodiment, the push button 1509 selects between four

different modes for the power tool 1500. In other embodiments, the push button 1509 selects

among more or less operation modes for the impact driver 1500. In other embodiments, the

selection switches 1508 do not include the push button 1509, but instead include another

mechanism to select an operation mode for the impact driver 1500. For example, the impact

driver 1500 may include a switch movable between four positions, each position selecting a

different operation mode for the impact driver 1500. Other types of selection switches 1508 may

also be employed.

[00145] Through communication with the external device 800, 1800, the impact driver 1500

can determine which four modes are accessible to the user when operating the impact driver

1500. In other words, the user can select and assign a mode to each of the mode indicators

15 1la-d from on a list of different operation modes for the impact driver 1500. The other modes

that are compatible with the impact driver 1500 and available for assignment to the mode

indicators 15 1la-d, but that are not currently assigned, may be referred to as unassigned modes

of the impact driver 1500. The user may select modes for assignment from a variety of pre-



configured modes and user-defined modes. The pre-configured modes and the user-defined

modes may be stored in a memory of the impact driver 1500 and the user may select which mode

is assigned to which mode indicator 151 la-d through the external device 800, 1800. In other

embodiments, the pre-configured modes and the user-defined modes are stored on the external

device 800, 1800 or on the remote server 900, 1900 and the user selects which modes to assign to

and store on the impact driver 1500 using the external device 800, 1800. In these embodiments,

the four modes assigned to the mode indicators 151 la-d are stored on the impact driver 1500,

while the other potential (unassigned) modes remain on a memory outside of the tool (e.g., on

the external device 800,1800 or remote server 900,1900).

[00146] A pre-configured mode is, for instance, a mode that sets specific performance

characteristics (or variables) of the tool for addressing certain applications. A pre-configured

mode may have certain default settings for particular applications (e.g., working with certain

screw types or lengths or with certain types of work pieces like metal or wood), and a user may

further configure certain relevant performance characteristics within a pre-configured mode. A

user-defined mode allows the user to adjust certain performance characteristics (or variables)

controllable on the tool. The performance characteristics that are adjustable may depend on the

selected user-defined mode. A user-defined mode may rely on the user to set performance

characteristics to fit their particular application, rather than using pre-programmed settings

selected based on particular applications.

[00147] The pre-configured modes for the impact driver 1500 include a low speed mode, a

medium speed mode, a high speed mode, a self-tapping screw mode, a screwdriver mode, a

stainless steel mode, an anti-slip mode, an anti-strip mode, and an anti-spin off mode. The low

speed mode is generally used for precision work. In the first mode, a motor of the impact driver

1500 operates at low speeds (e.g., between 0-200 revolutions per minute (RPM)). The medium

speed mode is generally used to prevent damage to the fastener and/or to the material on which

the fastener is secured. In the medium speed mode, the motor of the impact driver 1500 operates

at medium speeds (e.g., between 0-2,000 RPMs). The high speed mode is generally used to

utilize the maximum speed and power available on the impact driver 1500. In the high speed

mode, the motor of the impact driver 1500 operates at high speeds (e.g., between 0-2,900

RPMs). The low speed mode, medium speed mode, and high speed mode are, in some



embodiments, by default assigned to the first mode indicator 151 1a, second mode indicator

151 1b, and third mode indicator 151 1c, respectively. Other modes may be assigned as the

default modes, and the fourth mode indicators 15 1Id may be assigned a default mode as well,

such as the self-tapping screw mode. A user can continue to use these default modes, or the user

may find that other modes are better suited for a task or project and may change the modes

accordingly.

[00148] The self-tapping screw mode is generally used for driving self-tapping screws into

galvanized steel, and it prevents a user from overdriving and stripping screws by operating the

impact driver at too high a level of RPMs and impacts per minute (IPMs). In the self-tapping

screw mode, the impact driver 1500 begins turning at a high speed (e.g., 1000 RPMs) and

reduces the speed when an impact mechanism trips. During the self-tapping screw mode, a

controller of the impact driver 1500 monitors an impact mechanism. When the controller

determines that the impact mechanism has been activated, the controller reduces the power

provided to the motor of the impact driver 1500 to thereby reduce the rotating speed of the

impact driver 1500. A user may be able to further configure/customize the self-tapping screw

mode by selecting, for example, the starting speed for the impact driver 1500, the finishing or

lowered speed for the impact driver 1500, and/or the rate at which the impact driver 1500

decreases speed. The user may change such parameters using the external device 800/1800.

[00149] The screwdriver mode is generally used for driving small machine screws. Many

users find it challenging to use an impact driver for more delicate applications because they may

worry that the impact mechanism may damage the fastener and/or the material. In the

screwdriver mode, the impact driver 1500 operates at low rotational speeds (e.g., 0-500 RPMs).

During the screwdriver mode, the impact driver 1500 also activates an electronic clutch such that

operation of the impact driver 1500 stops before the impact mechanism is activated. The

electronic clutch anticipates when the impact mechanism may be activated and instead interrupts

power to the motor of the impact driver 1500 to prevent the impact driver 1500 from damaging

the fastener and/or the material. A user may determine the maximum speed (e.g., maximum

RPMs) when the impact driver 1500 operates in the screwdriver mode.



[00150] The stainless steel mode is generally used for driving self-tapping screws into 12-16

gauge stainless steel. Due to the nature of stainless steel, users have encountered that some

screw tips melt before cutting the surface of stainless steel. Many users have been sacrificing

fasteners until the surface is cut and a fastener can be properly installed. In the stainless steel

mode, the impact driver 1500 automatically pulses the trigger 1512. By pulsing the trigger 1512,

the impact driver 1500 operates at slower speeds. Slower speeds actually perforate stainless steel

faster and generate less heat between the screw tip and the surface of the stainless steel.

Therefore, by using the stainless steel mode, the user may not need to sacrifice fasteners until the

surface of the stainless steel is finally perforated. A user may further customize the stainless

steel mode by setting maximum RPMs and IPMS, setting minimum RPMs and IPMs, and/or

setting the pulsing frequency for the impact driver 1500.

[00151] The anti-slip mode is generally used for driving screws at high speeds into metal or

wood. Some users, when trying to drive screws at high speeds, lose engagement between the

impact driver 1500 and the fastener head and/or have the fastener slip off the desired drive

position on the surface of the material. In the anti-slip mode, the impact driver 1500 begins

driving at a lower speed (e.g., 250 RPMs) and automatically increases the driving speed when

the impact mechanism is activated. Therefore, by starting at a lower speed, slipping of the

impact driver 1500 and/or slipping of the fastener becomes less likely, and efficiency is achieved

by automatically increasing the fastening speed once the impact mechanism is activated. The

user may further customize the anti-slip mode by setting starting RPMs or IPMs, setting

increased and/or finishing RPMs or IPMs, and/or setting the rate at which the fastening speed

increases.

[00152] The anti-strip mode is generally used for driving concrete screws into a concrete

block or concrete slab. The anti-strip mode may also be used for driving small sheet metal

screws into sheet metal. Concrete screws can sometimes break in the middle of the screw or at

the head of the screw, rendering the screw unusable because the impacts are too fast or too

strong, and the screw is overdriven. In the anti-strip mode, the impact driver 1500 begins

fastening the concrete screws at a high speed (e.g., 1500 RPMs) and decreases the fastening

speed when the impact mechanism is activated. The user may customize the anti-strip mode by



selecting the starting RPMs or IPMs, setting the finishing RPMs or IPMs, and/or setting the rate

at which the fastening speed decreases.

[00153] The anti-spin off mode is generally used for removing fasteners such as, nuts and

bolts. When removing nuts and bolts, the nuts and bolts can sometimes lose engagement with

the impact driver 1500 and fall from a lift or elevated surface. In the anti-spin off mode, the

impact driver 1500 begins rotating at a high speed (e.g., 1500 RPMs) and automatically

decreases the fastening speed when the impact mechanism is deactivated. The user can further

customize the anti-spin off mode by selecting starting RPMs/IPMs, selecting finishing RPMs or

IPMs, and/or setting the rate at which the fastening speed decreases.

[00154] The selectable modes of the impact driver 1500 can also be assigned user-defined

modes. The user-defined modes include modes for which the user defines the operation of the

impact driver 1500. The user-defined modes for the impact driver 1500 include an impact

counting mode, a memory mode, an impacting variable speed mode, and a non-impacting mode.

The impact counting mode is generally used for repetitive pre-fabrication and/or production

fastening. The impact counting mode can also be used for driving anchors on projects with

seismic regulations. The impact counting mode ensures that the same torque is applied to every

fastener. In the impact counting mode, the impact driver 1500 employs a counter and/or a timer

to count how many impacts the impact driver 1500 delivers to a fastener. When the impact

driver 1500 uses a timer, the timer determines the period of time during which the impact driver

1500 impacts the fastener. In the impact counting mode, specific maximum and minimum

rotational speeds are assigned to the trigger 1512, such that the same torque is applied to every

fastener. The impact driver 1500 can then be used to secure one fastener, and any subsequent

fastener will be secured with the same number of impacts or for the same amount of time as the

first fastener, thereby ensuring equal torque is applied to each fastener. A user may further

specify the minimum and maximum RPMs set to the trigger 1512.

[00155] The memory mode is also used for repetitive pre-fabrication and/or production

fastening. In the memory mode, the impact driver 1500 records a fastening operation and then

repeats the fastening operation on subsequent fasteners. For example, for the first fastening

operation, the impact driver 1500 may record the RPMs, the IPMS, and/or the trigger 1512 travel



profile. Then, when fastening a second fastener, the impact driver 1500 follows the trigger travel

profile, the RPMs, and the IPMs as recorded.

[00156] The impacting variable speed mode is generally used for driving fasteners for which

users may prefer more control over the minimum and maximum speeds (e.g., RPMs) than those

specified by the low speed, medium speed, and high speed modes for the impact driver 1500.

Therefore, the impacting variable speed mode allows a user to specifically set the maximum and

the minimum speeds for the impact driver 1500. In some embodiments, the user may set the

maximum and the minimum speeds for the impact driver 1500 at the same speed, and thereby

deactivate the variable speed mode of the impact driver 1500.

[00157] The non-impacting mode is generally used for driving small fasteners that require low

torque. As discussed above, some fasteners or particular applications for fasteners are fragile.

Therefore, the impacting mechanism may damage the fastener and/or the material. In the non-

impacting mode, the user selects the maximum fastening speed such that the impacting

mechanism is not activated. In some embodiments, the user can use the non-impacting mode for

setting the minimum and maximum fastening speeds to the same speed and thereby deactivating

the variable speed mode for the impact driver 1500.

[00158] The external device 800/1800 can be also used to program and/or change different

parameters on the impact driver 1500. The external device 800/1800 may set, for example,

minimum and maximum fastening speeds (e.g., max and min RPMs), speed oscillation, soft start

time, trigger travel, downshift/upshift mid-application (which can be triggered by the impact

mechanism being activated), maximum number of impacts, and/or activation and operation of a

worklight for the impact driver 1500.

[00159] The external device 800/1800 can also be used to measure speed on the impact driver

1500 in real time, measure trigger travel on impact driver 1500 in real time, as well as measuring

other operational parameters of the impact driver 1500 in real time. For instance, the power tool

1500 may wirelessly communicate tool data in real time to the external device 800, 1800.

[00160] FIG. 27 illustrates mode selection switches 1608 for an impact wrench 1600. The

impact wrench 1600 includes similar components as the impact wrench described with respect to



FIGS. 2-4, and like parts have been given like reference numbers plus 1400. The mode selection

switches 1608 can also determine an operation mode for the impact wrench 1600. A user can

use the mode selection switches 1608 to set the operation mode from four selectable modes.

Similar to the mode selection switches 1508 of the impact driver 1500, the mode selection

switches of the impact wrench 1600 include a push button 1609 and mode indicators 161 la-d as

shown in FIG. 27, and operate in a similar manner.

[00161] Like the impact driver 1500, the impact wrench 1600 includes four assigned

operation modes at a given time. Each mode indicator 161 la-d can be assigned by the user a a

different operation mode. The user selects a mode for each mode indicator 161 la-d using the

external device 800, 1800. The user may select from a variety of pre-configured modes and

user-defined modes. The pre-configured modes and the user-defined modes may be stored in a

memory of the impact wrench 1600, and the user may select which mode is assigned to which

mode indicator 161 la-d through the external device 800, 1800. In other embodiments, the pre-

configured modes and the user-defined modes are stored on the external device 800, 1800, or on

the remote server 900, 1900, and the user selects which modes to assign and store on the impact

wrench 1600 using the external device 800, 1800. In these embodiments, the four modes

assigned to the mode indicators 161 la-d are stored on the impact wrench 1600, while the other

potential (unassigned) modes remain on a memory outside of the tool (e.g., on the external

device 800,1800 or remote server 900,1900).

[00162] The pre-configured modes for the impact wrench 1600 include a low speed mode, a

medium speed mode, a high speed mode, a consistent torque mode, and an anti-spin off mode.

The low speed mode is generally used for precision work. In the first mode, a motor of the

impact wrench 1600 operates at low speeds (e.g., between 0-200 revolutions per minute (RPM)).

The medium speed mode is generally used to prevent damage to the fastener and/or to the

material on which the fastener is secured. In the medium speed mode, the motor of the impact

wrench 1600 operates at medium speeds (e.g., between 0-2,000 RPMs). The high speed mode is

generally used to utilize the maximum speed and power available on the impact wrench 1600. In

the high speed mode, the motor of the impact wrench 1600 operates at high speeds (e.g., between

0-2,900 RPMs). A fourth mode is a programmable mode assigned to a fourth mode indicator

161 Id. The programmable mode varies based on user interaction with the external device 800,



1800. In some embodiments, the low speed mode, medium speed mode, and high speed mode

are by default assigned to the first mode indicator 161 1a, second mode indicator 161 lb, and third

mode indicator 161 1c, respectively. Other modes may be assigned as the default modes, and the

fourth mode indicators 161 Id may be assigned a default mode as well, such as the self-tapping

screw mode. A user can continue to use these default modes, or the user may find that other

modes are better suited for a task or project and may change the modes accordingly.

[00163] The consistent torque mode is generally used for driving the same type of fastener

multiple times where a consistent bolt tension is desired. In the consistent torque mode, the

impact wrench 1600 counts the number of impacts performed by the impact wrench and stores

the RPMs used for each particular fastener. When a subsequent fastener is secured, the impact

wrench 1600 counts the number of impacts and ceases operation when the same number of

impacts are performed on the subsequent fastener. The impact wrench 1600 also ensures that the

fastening speed is the same for a set of fasteners, thereby ensuring that the same torque is applied

to each fastener. Therefore, a user can use an external device 800, 1800 to select from a first

group of modes a programmable mode for a first power tool and from a second group of modes,

a programmable mode for a second power tool.

[00164] The anti-spin off mode is generally used for removing nuts and bolts. When

removing nuts and bolts, the nuts and bolts can sometimes lose engagement with the impact

wrench 1600 and fall from a lift or elevated surface. In the anti-spin off mode, the impact

wrench 1600 begins rotating at a high speed (e.g., 1500 RPMs) and automatically decreases the

fastening speed when the impact mechanism is deactivated. The user can further customize the

anti-spin off mode by selecting starting RPMs/IPMs, selecting finishing RPMs or IPMs, and/or

setting the rate at which the fastening speed decreases.

[00165] The selectable modes can also be assigned a user-defined mode. The user defined

modes for the impact wrench 1600 include an impact counting mode, a memory mode, an

impacting variable speed mode, and a non-impacting mode. The user-defined modes are

substantially similar to the user-defined modes for the impact driver 1500 and will therefore not

be discussed in further detail.



[00166] The external device 800/1800 can be also used to program and/or change different

parameters on the impact wrench 1600. The external device 800/1800 may set, for example,

minimum and maximum fastening speeds (e.g., max and min RPMs), speed oscillation, soft start

time, trigger travel, downshift/upshift mid-application (which can be triggered by the impact

mechanism being activated), maximum number of impacts, and/or activation and operation of a

worklight for the impact wrench 1600. The external device 800/1800 can also be used to

measure speed on the impact wrench 1600 real time, measure trigger travel on impact wrench

1600 in real time, as well as measuring other operational parameters of the impact wrench 1600

in real time. In some embodiments, the impact wrench 1600 communicates with the external

device 800 through the adapter 600 using similar techniques as those described above with

respect to the power tool 200. In other embodiments, the impact wrench 1600 includes a

wireless communication module, and communicates with the external device 1800 using similar

techniques as those described above with respect to the power tool 1200.

[00167] FIG. 28 illustrates a hammer drill 1700. The hammer drill 1700 includes an upper

main body 1702, a handle 1704, a device receiving portion 1706, a mode selection ring 1708, a

mode selection switch 1707, a torque adjustment dial or ring 1725, an output drive device or

mechanism (e.g., a chuck) 1710, and a trigger 1712. The mode selection ring 1708 allows the

user to select between a drilling mode, a driving mode, a hammer mode, and an adaptive mode

(see FIG. 29). When the adaptive mode is selected, the mode selection switch 1707 then allows

the user to select from different programmable modes such as pre-configured modes (e.g., low

speed, medium speed, and high speed modes) and user-defined modes. The mode selection

switch 1707 is similar to those of the impact wrench 1600 shown in FIG. 27 and those of the

impact driver 1500 shown in FIG. 25-26. The hammer drill 1700 includes similar components to

the power tools 200, 1200, 1300, 1500, 1600 described above, and similar to the impact wrench

1600 and the impact driver 1500. The external device 800, 1800 can also be used to program at

least one of the modes selectable by the hammer drill 1700.

[00168] The external device 800, 1800 can also be used to program and/or define different

features on the hammer drill 1700. For example, the external device 800, 1800 can allow a user

to set a constant speed mode, a variable bounded speed mode, settings for soft start, electronic

clutch, PWM pulse mode, and a TEK screw mode for the hammer drill 1700. The constant



speed mode allows the hammer drill 1700 to ignore the position of the trigger. Instead, the

hammer drill runs the hammer drill motor at a constant speed as defined by the user. The speed

of the motor is then controlled by closed-loop control using sensors determining the position and

speed of the motor.

[00169] The variable bounded speed mode allows the hammer drill 1700 to be operated in

different speeds according to the trigger displacement. The user may set the minimum speed

and/or the maximum speed. When the trigger is fully depressed, the motor operates at the

maximum speed, and when the trigger is minimally depressed, the motor operates at the

minimum speed. The hammer drill 1700 then operates at linearly increasing speeds between the

minimally depressed position of the trigger and full depression of the trigger. The variable

bounded speed mode for the hammer drill 1700 is similar to the impacting variable speed mode

of the impact wrench 1600 and the impact driver 1500.

[00170] The PWM pulse mode allows the hammer drill 1700 to ignore the position of the

trigger and, rather, oscillate between a minimum speed and a maximum speed. The user can

select the minimum speed, the maximum speed, and the oscillation rate between the two. The

hammer drill 1700 does not monitor the position of the trigger and, instead, simply begins

oscillating between the two predetermined speeds. In a variation of the PWM pulse mode, the

hammer drill 1700 changes the duty cycle to achieve the minimum speed and the maximum

speed of the hammer drill 1700. The hammer drill 1700, in such embodiments, alternates

between oscillating the motor duty cycle between a first duty cycle and a second duty cycle at a

predetermined oscillation period.

[00171] The TEK screw mode, also referred to as the self-drilling screw mode, allows the

hammer drill 1700 to operate in a current controlled mode. In particular, in the TEK screw

mode, the hammer drill 1700 operates at a first maximum speed (e.g., 1000 RPMs). The

hammer drill 1700 monitors the current of the hammer drill 1700. When the current drawn by

the motor of the hammer drill 1700 exceeds a first predetermined current threshold, the hammer

drill 1700 lowers the operating speed and continues to monitor the current of the hammer drill

1700. When the current of the hammer drill 1700 is below a second predetermined current

threshold (e.g., 2A below the first predetermined current threshold) for a particular period of



time (e.g., one second), the hammer drill 1700 resumes operating at the first maximum speed.

The hammer drill 1700 operates via an open- loop control in this mode. Generally, an increase in

motor current indicates an increase in resistance to driving the fastener and represents increased

energy used to overcome the increased resistance.

[00172] The user can also select for the hammer drill 1700 to activate soft start and/or the

electronic clutch. Soft start refers to a setting in which the hammer drill 1700 slowly increases

the speed of the motor to full speed. When the trigger is first pulled, the hammer drill 1700

begins increasing the speed slowly at a predetermined rate. The electronic clutch allows the

hammer drill 1700 to monitor the output torque through a current measurement. When the

electronic clutch is enabled, the hammer drill 1700 operates normally until the current of the

hammer drill 1700 exceeds a predetermined threshold. Once the current of the hammer drill

1700 exceeds the predetermined threshold, the hammer drill 1700 begins to pulse the hammer

drill motor at low PWMs to simulate the function of a mechanical clutch. In some embodiments,

the electronic clutch can program the torque range of a current ring electronic clutch setting on

the hammer drill 1700.

[00173] In some embodiments, the hammer drill 1700 communicates with the external device

800 through the adapter 600 using similar techniques as those described above with respect to

the power tool 200. In other embodiments, the hammer drill 1700 includes a wireless

communication module, and communicates with the external device 1800 using similar

techniques as those described above with respect to the power tool 1200.

[00174] Communication with the external device 800, 1800 provides a graphical user

interface through which the user can select and customize the different operation modes for the

different power tools 1500, 1600, 1700. FIGS. 30-36 illustrate exemplary graphical user

interfaces generated by the external device 800, 1800 to facilitate interaction with the power

tools 1500, 1600, 1700. FIG. 30 illustrates a screenshot of a mode selection screen 2000. The

mode selection screen 2000 displays different modes of operation that can be saved onto the

power tool 1500, 1600, 1700 or otherwise assigned and selected (e.g., to the programmable mode

indicated by indicator 151 Id). In the illustrated embodiment, the modes of operation includes a

TEK screw mode 2002, a hard joint fastening mode 2004, a precision fastening mode 2006, a



max speed mode 2008, and a fastener removal mode 2010. The user can further customize each

of the modes 2002, 2004, 2006, 2008, 2010 as shown in FIGS. 31-36.

[00175] FIG. 3 1 illustrates the customization available for the TEK screw mode 2002. The

TEK screw mode customization screen 2012 allows a user to set a breakaway power, a

maximum speed, a work light duration, and a work light brightness. The TEK screw mode

customization screen 2012 includes a parameter title section 2014 displaying the name of the

parameter that is customizable by the user, and a selection mechanism 2016 that allows the user

to set the specific parameter. In the illustrated embodiment, the selection mechanism 2016

includes a horizontal line 2017 with labels 2018a, 2018b at the two extremes (e.g., 0% and

100%). The selection mechanism 2016 also includes a movable object (e.g., a slider) 2019 that

moves along the horizontal line to define where, in relation to the two extremes, the parameter is

set. In other embodiments, the selection mechanism 2016 also includes a label associated with

the movable object 2019 to indicate the current setting. In other embodiments, the selection

mechanism 2016 may be designed differently. For instance, the work light brightness parameter

includes five predetermined values (off, 25%, 50%>, 75%, and 100%) that can be selected, e.g.,

by touching one of the values via a touchscreen. Additionally, certain parameters are set using

an on/off toggle selector. For instance, the work light may be set to always on via the toggle

selector 2023. When the toggle selector 2023 is set to off, the movable object 2019 controls the

duration parameter. Other selection mechanisms 2016 may include a vertical bar instead of a

horizontal bar, it may include an increasing and/or decreasing number of small icons depending

on the value of the parameter, and the like.

[00176] As shown in FIG. 31, in some embodiments and for some parameters, an icon 2020

may also be displayed to further clarify the parameter to be selected. As also shown in FIG. 31,

in some embodiments, a text box 2022 may also be displayed in addition to or in place of the

selection mechanism 2016. For example, in the TEK screw mode customization screen 2012,

the maximum speed and the work light duration parameters are also displayed the textbox 2022.

[00177] In some embodiments, as shown in FIG. 32, the TEK screw mode customization

screen 2012 also or alternatively includes a fastener selection section 2024. The fastener

selection section 2024 allows a user to input information regarding the specific fastener used. In



some embodiments, the external device 800, 1800 may provide suggestions or default values for

the parameters shown in FIG. 31 based on the fastener specified in the fastener selection section

2024.

[00178] FIG. 33 shows a hard joint fastening customization screen 2026. A user may

customize or adapt the maximum speed, the seating power, the impact duration, the work light

duration and the work light brightness. As shown in FIG. 33, the maximum speed and the work

light duration include the textbox 2022 and the selection mechanism 2016, while the other

parameters include the selection mechanism 2016. As shown in FIG. 32, the hard joint fastening

customization screen 2026 also includes an on/off selector 2028 for the work light, which

operates similar to the toggle selector 2023.

[00179] FIG. 34 illustrates a precision fastening customization screen 2030. A user may edit

the fastening torque, the maximum speed, whether the impact mechanism is utilized, how short

or long the trigger ramp up is, the work light duration, and the work light brightness. Similar to

the customization screens 2012, 2026 for the TEK screw mode and the hard joint fastening

mode, the customization screen for the precision fastening mode includes titles 2014, icons 2020,

selection mechanisms 2016, on/off selectors 2028, text boxes 2022, and the like. Additionally,

as shown in FIG. 34, some parameters also include an information link 2032. The information

link 2032 provides the user with more information regarding that particular parameter. For

example, the information link 2032 may provide the user with an explanation of what the

parameter is, the effects from having different values for the parameter, typical values used for

the specific parameter, and the like.

[00180] FIG. 35 illustrates a maximum speed mode customization screen 2034. The

customization screen 2034 for the maximum speed mode allows the user to determine the

maximum speed at which the power tool 1500, 1600, 1700 operates, a trigger ramp up length

(i.e., how quickly or slowly the motor speed ramps up/down due to a trigger position change),

work light duration, and work light brightness. FIG. 36 illustrates a fastener removal

customization screen 2036. The fastener removal customization screen 2036 allows a user to edit

the breakaway power used by the power tool 1500, 1600, 1700, the maximum speed, the work

light duration, and the work light brightness.



[00181] Although Figs. 31-36 illustrate customization screens for the TEK screw mode 2002,

the hard joint fastening mode 2004, the precision fastening mode 2006, the max speed mode

2080, and the fastener removal mode 2010, the external device 800, 1800 may generate similar

graphical user interfaces for customizing other modes such as, for example, the anti-spin off

mode, the anti-slip mode, etc. Furthermore, the customization screens shown in Figs. 31-36

show exemplary ways in which the modes 2002, 2004, 2006, 2008, 2010 can be customized.

The modes can also be customized by setting different parameters for each mode, and generating

a graphical user interface that allows the user to input the values for the different parameters.

[00182] In some embodiments, a system and method for customizing a power tool includes

first establishing a communication link between an external device (e.g., external device

800/1800) and the power tool (e.g., hammer drill 1700). Although not necessary, in some

instances, establishing a communication link includes setting the power tool to an adaptive mode

(e.g., via mode selection ring 1708) and selecting a programmable mode (e.g., using mode

selection switch 1707). Establishing a communication link wirelessly can include instructing

(e.g., via a user interface) the external device to wirelessly link to the power tool, which may

include the user specifying to the external device details of the tool. Alternatively, a

communication link can be established by attaching the adapter 600 to the power tool and either

physically connecting the external device to the adapter 600 (e.g., via USB cable) or wirelessly

linking the external device to the adapter 600.

[00183] After a communication link is established, the external device may generate a

graphical user interface (GUI) providing mode options (see FIG. 30). To generate the list of

mode options, the external device may access, using a tool identifier as an index, a database

storing a list of available modes for each of a plurality of tools. The database may reside on the

external device or a remote server (e.g., server 900/1900). Alternatively, the external device may

obtain the list of available modes from the tool itself. Regardless of the source, the list of

available modes can vary depending on the tool. Accordingly, in some instances, the external

device generates a first list of mode options when communicating with a first tool, and a second

list of mode options (different from the first list) when communicating with a second tool.



[00184] After selecting a mode on the graphical user interface, the user may further navigate

to customize (e.g., set parameters of) the selected mode, as shown and described with respect to

FIGS. 31-35. The selected mode and/or parameter values are then sent to the power tool over the

communication link. The power tool saves the received mode selection and/or parameter values.

The user then operates the tool in the selected mode according to the received parameter values.

[00185] The exemplary screenshots of the graphical user interface generated by the external

device 800, 1800 can also be used for customizing different modes for different power tools

1500, 1600, 1700. The exemplary screens 2012, 2023, 2030, 2034, 2036 can also be used to

request information such as, for example, the maximum speed for a particular power tool 1500,

1600, 1700. It should be understood that the earlier modes discussed above with respect to the

impact driver 1500, the impact wrench 1600, and the hammer drill 1700 can be customizable and

selected using similar screens as those shown in FIGS. 31-36. Additionally, particular

programmable modes, including pre-configured modes and user-defined modes, are described

above with respect to specific power tools (e.g., the impact driver 1500, impact wrench 1600,

and hammer drill 1700). However, in some instances, one or more of these modes are

implemented on other power tools. As but one example, the TEK screw mode described with

respect to the hammer drill 1700 may be implemented on a (non-hammer) power drill and on the

impact driver 1500 (e.g., assigned to an indicator 151 la-d and selected by a user).

[00186] Thus, the invention provides, among other things, a communication system among

power tool devices and an external device, in which the external device provides a user interface

to obtain information from different power tool devices and provides information to the power

tool devices. Various features and advantages of the invention are set forth in the following

claims.



CLAIMS

What is claimed is:

1. An adapter for a power tool, the adapter comprising

a housing;

a tool-side connector supported by the housing and configured to couple to a power tool;

a battery-side connector supported by the housing and configured to couple to a battery

pack, the battery-side connector in electrical communication with the tool-side connector;

a communication interface supported by the housing and configured to couple with an

external device, the communication interface in electrical communication with the tool-side

connector and the battery-side connector; and

a controller supported by the housing and coupled to the tool-side connector, the battery-

side connector, and the communication interface, the controller configured to

determine a state of the power tool, wherein the state of the power tool is one of

an active state in which an actuator of the power tool is in operation or an idle state during which

the actuator is idle, and

operate in a data transmission mode, in which the adapter exchanges data between

the external device and one of the power tool or the battery pack when the power tool is in the

idle state,

operate in a pass-through mode, in which the adapter transfers power from the

battery pack to the power tool when the power tool is in the active state, and

switch between the data transmission mode and the pass-through mode based on

the state of the power tool.

2 . The adapter of claim 1, wherein the tool-side connector includes a plurality of contacts

configured to couple to a device interface of the power tool.

3 . The adapter of claim 1, wherein the battery-side connector includes terminals configured

to couple to a power interface of the battery pack.



4 . The adapter of claim 2, wherein the plurality of contacts include a first contact, a second

contact, and a third contact, and wherein the controller determines that the power tool is in the

active state when a power request signal is active at the third contact.

5 . The adapter of claim 4, wherein the first contact is a positive power contact and the

second contact is a negative power contact.

6 . The adapter of claim 1, wherein the tool-side connector replicates a power interface on

the battery pack and the battery-side connector replicates a device interface on the power tool.

7 . The adapter of claim 1, wherein the tool-side connector is positioned on a first side of the

housing and the battery-side connector is positioned on a second side of the housing opposite the

first side of the housing.

8. The adapter of claim 7, wherein the communication interface includes a serial

communication port.

9 . The adapter of claim 8, wherein the housing has sidewall connecting the first side and the

second side, and wherein the serial communication port is positioned on one of the sidewalls.

10. The adapter of claim 8, wherein the adapter is configured to receive power from the

external device through the serial communication port, and wherein the adapter is configured to

provide the power from the external device to the power tool.

11. The adapter of claim 1, wherein the communication interface includes a radio transceiver.

12. The adapter of claim 1, wherein the communication interface includes a serial

communication port and a radio transceiver.

13. The adapter of claim 12, wherein the adapter communicates with the external device by

selectively using the communication port and the radio transceiver; and wherein the adapter

further comprises a communication indicator supported by the housing, wherein the indicator

indicates when the adapter is communicating with the external device using either of the

communication port and the radio transceiver.



14. The adapter of claim 1, wherein the adapter is configured to export tool usage data from

a memory of the power tool to the external device and import configuration data from the

external device to the power tool during the data transmission mode.

15. The adapter of claim 1, wherein the adapter is configured to export usage data from a

memory of the battery pack to the external device and import configuration data from the

external device to the battery pack during the data transmission mode.

16. The adapter of claim 1, wherein the adapter also includes a power switch to turn the

adapter on and off, and wherein the adapter is configured to operate in the pass-through mode

when the power switch indicates the adapter is off.

17. A method of operating a power tool including an adapter, the adapter including a tool-

side connector configured to couple to the power tool, a battery-side connector configured to

couple to a battery pack and a communication interface configured to couple with an external

device, wherein the power tool is in one of an active state or an idle state, the method

comprising:

determining, by the adapter, whether the power tool is in the active state or the idle state;

exchanging data between the external device and one of the power tool or the battery

pack when the power tool is in the idle state;

transferring, by the tool-side connector and the battery-side connector, electrical power

from the battery pack to the power tool when the power tool is in the active state; and

switching between transferring electrical power and exchanging data based on the state of

the power tool;

wherein during the active state a motor of the power tool is in operation and during the

idle state, the motor is idle.

18. The method of claim 17, wherein the tool-side connector includes a first contact, a second

contact, and a third contact, and wherein determining whether the power tool is in the active state

includes detecting a power request signal at the third contact, and further comprising transferring

electrical power to the power tool from one of the battery pack or the external device through the

first contact and the second contact.



19. The method of claim 18, wherein transferring electrical power to the power tool includes

determining whether the battery pack is coupled to the battery-side connector, and transferring

electrical power, by the communication interface and the tool-side connector, from the external

device when the battery pack is decoupled from the battery-side connector.

20. The method of claim 17, wherein exchanging data between the power tool and the

external device includes exporting, by the tool-side connector, data from a memory of the power

tool to the external device and importing, by the tool-side connector, configuration data from the

external device to the power tool.

2 1. The method of claim 17, wherein exchanging data between the battery pack and the

external device includes exporting, by the battery-side connector, data from a memory of the

battery pack to the external device and importing, by the battery-side connector, configuration

data from the external device to the battery pack.

22. The method of claim 17, further comprising

disconnecting the adaptor from the power tool;

connecting the tool-side connector to a battery charger; and

exchanging data between the battery charger and the external device via the adapter.

23. An adapter for a power tool, the adapter comprising:

a housing including a first side, a second side opposite the first side, and a sidewall

connecting the first side and the second side, wherein the sidewall is substantially perpendicular

to the first side and the second side;

a tool-side connector supported by the housing and positioned on the first side of the

housing, the tool-side connector configured to couple to the power tool;

a latching mechanism supported by the housing, and positioned on the first side of the

housing, the latching mechanism configured to secure the adapter to the power tool;

a battery-side connector supported by the housing and positioned on the second side of

the housing, the battery-side connector configured to couple to a battery pack; and

a port supported by the housing and positioned on the sidewall of the housing, the port

configured to couple with an external device.



24. The adapter of claim 23, wherein the adapter includes a power switch supported by the

housing and positioned on the sidewall of the housing, the power switch configured to turn the

adapter on and off.

25. The adapter of claim 24, wherein the sidewall of the housing includes an angled surface

that is positioned adjacent and at an oblique angle with respect to the first side of the housing.

26. The adapter of claim 25, wherein the sidewall of the housing also includes a

perpendicular surface that is positioned adjacent the second side of the housing, and wherein the

port is positioned on the perpendicular surface of the housing.

27. The adapter of claim 26, further comprising a radio transceiver supported by the housing;

and an indicator supported by the housing and positioned on the angled surface of the sidewall of

the housing, the indicator configured to indicate when the radio transceiver is in use, and wherein

the power switch is positioned on the angled surface of the sidewall of the housing adjacent the

indicator.

28. The adapter of claim 23, further comprising a cover positioned over the port, wherein the

cover is hingedly coupled to the housing.

29. The adapter of claim 28, wherein the cover is pivotable between an open position in

which the port is exposed and a closed position in which the port is covered, and when the port is

in the closed position, the cover is flush with the sidewall of the housing.

30. The adapter of claim 23, wherein the tool-side connector includes a plurality of contacts

recessed within the housing and the battery-side connector includes a plurality of terminals

extending outside the housing.

31. The adapter of claim 23, wherein the tool-side connector is further configured to be

coupled to a battery charger to enable communication between the external device and the

battery charger.
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