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POWER TOOL WITH SHARED TERMINAL BLOCK

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Application No. 62/801,975,

filed on February 6, 2019, the entire contents of which are hereby incorporated by reference.
FIELD OF THE INVENTION

[0002] The present invention relates to power tools with a compartment for receiving

another device.
SUMMARY

[0003] One embodiment includes a power tool including a housing having a motor
housing portion, a handle portion, and a battery pack receiving portion. The battery pack
receiving portion may include a battery pack compartment including a battery pack support
structure configured to receive and support a battery pack including battery terminals. The
power tool may further include a motor within the motor housing portion and having a rotor
and a stator. The power tool may further include a terminal block located in the battery pack
receiving portion and including tool terminals. At least two terminals of the tool terminals
may be configured to electrically and physically couple to the battery terminals. The power
tool may further include an insertable device compartment located in the battery pack
receiving portion. The power tool may further include an insertable wireless communication
device including a first electronic processor and a transceiver. The insertable wireless
communication device may be configured to be received in the insertable device
compartment and may include device terminals. At least one device terminal may be
configured to electrically and physically couple to at least one shared terminal of the at least
two terminals of the tool terminals. The insertable wireless communication device may be
configured to wirelessly communicate with an external device. The power tool may further
include a second electronic processor within the housing and configured to control operation
of the motor, and communicate with the first electronic processor when the insertable
wireless communication device is inserted into the insertable device compartment to allow
information to be transferred between the second electronic processor and the external

device.



WO 2020/163450 PCT/US2020/016752

[0004] In some embodiments, the first electronic processor of the insertable wireless
communication device is configured to at least one of the group of: (i) receive power tool
data from the second electronic processor of the power tool and transmit the power tool data
to the external device; and (i1) receive power tool configuration data from the external device
and transmit the power tool configuration data to the second electronic processor of the

power tool.

[0005] Another embodiment includes a power tool including a housing having a motor
housing portion, a handle portion, and a battery pack receiving portion. The battery pack
receiving portion may include a terminal block including tool terminals. The battery pack
receiving portion may further include a battery pack compartment including a battery pack
support structure configured to receive and support a battery pack. The battery pack may
include battery terminals configured to physically and electrically connect to a first selection
of at least two terminals of the tool terminals. The battery pack receiving portion may further
include an insertable device compartment configured to receive and support an insertable
wireless communication device. The insertable wireless communication device may include
device terminals configured to physically and electrically connect to a second selection of at

least two terminals of the tool terminals.

[0006] In some embodiments, the first selection of the least two terminals of the tool
terminals that are configured to be physically and electrically connected to the battery
terminals of the battery pack are the same as the second selection of the at least two terminals
of the tool terminals that are configured to be physically and electrically connected to the

device termuinals of the insertable wireless communication device.

[0007] In some embodiments, the insertable wireless communication device has a height

of less than approximately twenty-five millimeters.

[0008] In some embodiments, the first selection of the at least two terminals of the tool
terminals that are configured to be physically and electrically connected to the battery
terminals of the battery pack extend from the terminal block through the insertable device
compartment and into the battery pack compartment. In some embodiments, the first
selection of the at least two terminals of the tool terminals that extend from the terminal block

through the insertable device compartment and into the battery pack compartment are
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configured to be physically and electrically connected to at least one of the group consisting

of the device terminals and the battery terminals.

[0009] In some embodiments, at least one terminal of the tool terminals extends from the
terminal block into the insertable device compartment without extending into the battery pack
compartment, and the at least one terminal is configured to be physically and electrically

connected to the device terminals and not the battery terminals.

[0010] Another embodiment includes a method of operating a power tool. The method
may include receiving and supporting an insertable wireless communication device in an
insertable device compartment of a battery pack receiving portion of the power tool that
includes a housing having a motor housing portion, a handle portion, and the battery pack
receiving portion. The insertable wireless communication device may include device
terminals configured to physically and electrically connect to shared tool terminals of a
terminal block included in the battery pack receiving portion. The method may further
include receiving and supporting a battery pack in a battery pack compartment of the battery
pack receiving portion. The battery pack may include battery terminals configured to
physically and electrically connect to the shared tool terminals. The method may further
include receiving, by the power tool, power from the battery pack via at least two of the
shared tool terminals. The method may further include receiving, by the insertable wireless
communication device, power from the battery pack via the at least two of the shared tool

terminals.

[0011] Other aspects of the invention will become apparent by consideration of the

detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
[0012] FIG. 1 illustrates a communication system according to one embodiment.

[0013] FIG. 2 illustrates a block diagram of an external device of the communication

system.
[0014] FIG. 3 illustrates a power tool of the communication system.

[0015] FIG. 4 is a perspective view of a battery pack receiving portion of the power tool

of FIG. 3 according to one example embodiment.
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[0016] FIG. 5 is a perspective view of the battery pack receiving portion of FIG. 4 with
half of a housing removed from the power tool and with a battery pack detached from the

power tool according to one example embodiment.

[0017] FIG. 6 is a perspective view of a battery pack that is attachable to the power tool

of FIG. 3 according to one example embodiment.

[0018] FIG. 7A is a perspective view of an insertable wireless communication device

according to one example embodiment.

[0019] FIG. 7B is a top view of the insertable wireless communication device of FIG. 7A

with an upper portion of a housing removed according to one example embodiment.

[0020] FIG. 8 is a side profile view of the battery pack receiving portion of the power

tool of FIG. 3 with part of the housing removed according to one example embodiment.

[0021] FIG. 9 is a perspective view of the battery pack receiving portion of the power

tool of FIG. 3 with part of the housing removed according to one example embodiment.

[0022] FIG. 10 is a bottom perspective view of a terminal block of the power tool of FIG.

3 according to one example embodiment.

[0023] FIG. 11 is a back (i.e., rear) view of a modified terminal block of the power tool

of FIG. 3 according to one example embodiment.

[0024] FIG. 12 illustrates an insertable wireless communication device according to

another example embodiment.

[0025] FIG. 13 illustrates a terminal block of the power tool of FIG. 3 according to

another example embodiment.

[0026] FIG. 14 illustrates a block diagram of the power tool according to one example

embodiment.

[0027] FIG. 15 illustrates a block diagram of the insertable wireless communication

device of FIGS. 7A, 7B and 12 according to one example embodiment.
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[0028] FIG. 16 illustrates a schematic diagram of the insertable wireless communication

device of FIGS. 7A, 7B and 12 according to another example embodiment.

[0029] FIG. 17A is a side profile view of the insertable wireless communication device of

FIGS. 7A, 7B and 12 according to one example embodiment.

[0030] FIG. 17B is a side profile view of an insertable wireless communication device

according to another example embodiment.

[0031] FIG. 18A is a perspective view of an insertable wireless communication device

according to another example embodiment

[0032] FIG. 18B is a perspective view of a terminal block of the power tool of FIG. 3
according to another example embodiment with the outer walls of the terminal block shown

partially transparently.

[0033] FIG. 18C is a perspective view of the battery pack receiving portion of the power
tool of FIG. 3 according to another example embodiment with part of the housing removed

and part of the housing shown partially transparently.

[0034] FIG. 19A is a perspective view of an insertable wireless communication device

according to another example embodiment.

[0035] FIG. 19B is a top view of the insertable wireless communication device of FIG.

19A according to one example embodiment.

[0036] FIG. 19C is a side view of the insertable wireless communication device of FIG.

19A according to one example embodiment.

[0037] FIG. 19D is a zoomed-in perspective view of a side wall of the insertable wireless

communication device of FIG. 19A according to one example embodiment.

[0038] FIG. 19E illustrates the insertable wireless communication device of FIG. 19A
inserted into an insertable device compartment of a power tool according to one example

embodiment.
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[0039] FIG. 20 illustrates a side profile view of the battery pack receiving portion of the
power tool of FIG. 3 where a terminal block for an insertable wireless communication device

is separate from a terminal block for the battery pack according to one example embodiment.

[0040] FIG. 21 is a flowchart illustrating a method of operating the power tool of FIG. 3

according to one example embodiment.
DETAILED DESCRIPTION

[0041] 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, itis to be understood that the phraseology and
terminology used herein is for the purpose of description and should not be regarded as

2% <<

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.

[0042] 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

2> <<

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.
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[0043] Throughout this application, the term “approximately” is used to describe the
dimensions of various components. In some situations, the term “approximately” means that
the described dimension is within 1% of the stated value, within 5% of the stated value,
within 10% of the stated value, or the like. When the term “and/or” is used in this
application, it is intended to include any combination of the listed components. For example,
if a component includes A and/or B, the component may include solely A, solely B, or A and

B.

[0044] FIG. 1 illustrates a communication system 100. The communication system 100
includes power tool devices 104a, 104b, 104¢, and 104d, each generically referred to as the
power tool 104, and an external device 108. The power tool devices 104a, 104b, 104¢, 104d
each include a wireless communication controller to enable wireless communication between
the power tool 104 and the external device 108 while they are within a communication range
of each other. Some of the power tool devices 104d include the wireless communication
device integrated into the power tool device 104d such that insertion or removal of the
wireless communication device is prevented (i.e., installed within the housing of the power
tool 104 at the time of manufacturing the power tool 104). Other power tool devices 104a,
104b, 104¢, however, include an insertable device compartment configured to receive the
wireless communication device (e.g., an insertable wireless communication device 705, 1205,
and 1705 as explained in greater detail below). The insertable device compartment allows
the wireless communication device to be optionally added to the power tool 104 as an
accessory after manufacturing of the power tool 104. In some embodiments, the wireless
communication device that is optionally added to the power tool 104 includes an irreversible
lock that, once engaged with the wireless communication device, cannot be unlocked (except
by authorized service personnel) as explained in greater detail below. In some embodiments,
the insertable device compartment is configured to receive a dummy module (e.g., a plastic
housing without internal electronic components) that may be installed at the time of
manufacturing the power tool but may be later removed and replaced with a wireless

communication device by a user if desired.

[0045] When the power tool devices 104a, 104b, 104c¢ include the wireless
communication device in the insertable device compartment, the power tool devices 104a,
140b, 104c can operate similar to the power tool device 104d as if the wireless

communication device was integrally formed within the power tool 104. The power tool 104
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may communicate power tool status, power tool operation statistics, power tool identification,
stored power tool usage information, power tool maintenance data, and the like. Therefore,
using the external device 108, 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 104 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 108 can also transmit data to the power tool 104 for power tool configuration,
firmware updates, or to send commands (e.g., turn on a work light, lock the power tool 104,
and the like). The external device 108 also allows a user to set operational parameters,
performance parameters, select tool modes, and the like for the power tool 104 (e.g., adjust
operating modes or parameters of the power tool 104 such as motor speed, motor ramp-up,
torque, and the like). The external device 108 may also communicate with a remote server
112 and may receive configuration and/or settings for the power tool 104, or may transmit

operational data or other power tool status information to the remote server 112.

[0046] The external device 108 may be, for example, a laptop computer, a tablet
computer, a smartphone, a cellphone, or another electronic device capable of communicating
wirelessly with the power tool 104 and providing a user interface. The external device 108
provides the user interface and allows a user to access and interact with tool information.
The external device 108 can receive user inputs to determine operational parameters, enable
or disable features, and the like. The user interface of the external device 108 provides an

easy-to-use interface for the user to control and customize operation of the power tool 104.

[0047] As shown in FIG. 2, the external device 108 includes an external device electronic
processor 114, a short-range transceiver 118, a network communication interface 122, a touch
display 126, and a memory 130. The external device electronic processor 114 is coupled to
the short-range transceiver 118, the network communication interface 122, the touch display
126, and the memory 130. The short-range transceiver 118, which may include or is coupled
to an antenna (not shown), is configured to communicate with a compatible transceiver
within the power tool 104. The short-range transceiver 118 can also communicate with other
electronic devices. The network communication interface 122 communicates with a network
to enable communication with the remote server 112. The network communication interface

122 may include circuitry that enables the external device 108 to communicate with the
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network. In some embodiments, the network may be an Internet network, a cellular network,

another network, or a combination thereof.

[0048] The memory 130 of the external device 108 also stores core application software
134. The external device electronic processor 114 accesses and executes the core application
software 134 in memory 130 to launch a control application that receives inputs from the user
for the configuration and operation of the power tool 104. The short-range transceiver 118 of
the external device 108 is compatible with a transceiver of the power tool 104 (described in
further detail below). The short-range transceiver 118 may include, for example, a Bluetooth
® communication controller. The short-range transceiver 118 allows the external device 108

to communicate with the power tool 104,

[0049] The remote server 112 may store data obtained by the external device 108 from,
for example, the power tool 104. The remote server 112 may also provide additional
functionality and services to the user. In one embodiment, storing the information on the
remote server 112 allows a user to access the information from a plurality of different devices
and locations (e.g., a remotely located desktop computer). In another embodiment, the
remote server 112 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 112 may provide
statistics regarding the experienced efficiency of the power tool 104, typical usage of the
power tool 104, and other relevant characteristics and/or measures of the power tool 104. In
some embodiments, the power tool 104 may be configured to communicate directly with the
server 112 through an additional wireless interface or with the same wireless interface that

the power tool 104 uses to communicate with the external device 108.

[0050] The power tool 104 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 torque to a socket to turn a fastener (e.g., a
bolt), 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.
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[0051] Although the power tool 104 illustrated and described herein is a reciprocating
saw, embodiments of the invention similarly apply to and can be used in conjunction with a
variety of power tools and/or accessories. For instance, the power tool 104 may be another
power tool, test and measurement equipment, a vacuum cleaner, a worksite radio, outdoor
power equipment, a vehicle, or another device. Power tools can include drills, circular saws,
jig saws, band saws, reciprocating saws, screw drivers, angle grinders, straight grinders,
hammers, multi-tools, impact wrenches, rotary hammers, impact drivers, angle drills, pipe
cutters, grease guns, and the like. Test and measurement equipment can include digital
multimeters, clamp meters, fork meters, wall scanners, IR thermometers, laser distance
meters, laser levels, remote displays, insulation testers, moisture meters, thermal imagers,
inspection cameras, and the like. Vacuum cleaners can include stick vacuums, hand
vacuums, upright vacuums, carpet cleaners, hard surface cleaners, canister vacuums, broom
vacuums, and the like. Outdoor power equipment can include blowers, chain saws, edgers,
hedge trimmers, lawn mowers, trimmers, and the like. Other devices can include electronic
key boxes, calculators, cellular phones, head phones, cameras, motion sensing alarms,
flashlights, worklights, weather information display devices, a portable power source, a

digital camera, a digital music player, a radio, and multi-purpose cutters.

[0052] As shown in FIG. 3, the power tool 104 defines a longitudinal axis A. The power
tool 104 includes a housing including a main body 202 (i.e., a motor housing portion), a
handle assembly 204, and a battery pack receiving portion 206 that receives a battery pack
207. The power tool 104 also includes a selection switch 208, an output drive device or
mechanism 210, and a trigger 212 (or other actuator). The power tool 104 further includes a
motor 214 within the main body 202 of the housing and having a rotor 280 and a stator 285
(see FIG. 14). The rotor 280 is coupled to a motor shaft arranged to produce an output
outside of the housing via the output drive device or mechanism 210. A drive mechanism
215 (i.e., a transmission) converts rotational motion of the motor 214 to reciprocating motion
of a reciprocating spindle to reciprocate a saw blade in a direction substantially parallel to the
longitudinal axis A of the power tool 104. The saw blade (not shown) is attachable to the
output drive device 210 via a blade holder (e.g., a blade clamp). The power tool 104 further
includes a shoe 219 that is pivotally mounted on a distal end of the power tool 104 away from
the main body 202. In other constructions, the shoe 219 may be fixedly mounted to the
power tool 104, or mounted in other suitable ways. In other constructions, other types of

shoes 219 are employed. The shoe 219 provides a guiding surface for resting the power tool

10
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104 against a workpiece (not shown) during cutting operations. The handle assembly 204
includes a grip portion 217 and the trigger 212 adjacent the grip portion 217 for actuating the
motor 214. The trigger 212 is positioned such that a user can actuate the trigger 212 using

the same hand that is holding the grip portion 217, for example, with an index finger.

[0053] The housing of the power tool 104 (e.g., the main body 202, the handle 204, and
the battery pack receiving portion 206) 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 104 of FIG. 3 is a blade holder. However, each power tool 104 may have a
different drive device 210 specifically designed for the task associated with the power tool
104. For example, the drive device 210 for a power drill may include a bit driver or chuck,
while the drive device 210 for a pipe cutter may include a blade or blade holder. The
selection switch 208 is configured to select an operation mode for the power tool 104.
Different operation modes may have different speed or torque levels, or may control the
power tool 104 based on different sets of parameters. In some embodiments, the selection
switch 208 is a mode pad 208. The mode pad 208 allows a user to select a mode of the power

tool 104 and indicates to the user the currently selected mode of the power tool 104.

[0054] FIG. 4 is a perspective view of the battery pack receiving portion 206. The
battery pack receiving portion 206 is configured to receive and couple to the battery pack
207. In some embodiments, the battery pack 207 is the power tool device 104b illustrated in
FIG. 1. The battery pack 207 provides power to the power tool 104. The battery pack 207
may also be referred to as a main power source. The battery pack receiving portion 206 of
the power tool 104 includes a terminal block 505 (see FIG. 5) and a battery pack
compartment 535 including battery pack support structure to receive and support the battery
pack 207. For example, the battery pack support structure may include rails 510 that engage
the battery pack 207 to secure the battery pack 207 to the power tool 104 to physically and
electrically connect the battery pack 207 to the power tool 104 via the terminal block 505.
For example, the battery pack 207 may include a raised portion 605 with guide rails 610 (see
FIG. 6) to allow the battery pack 207 to slidably engage corresponding rails 510 (see FIG. 5)
on the battery pack receiving portion 206. In some embodiments, the battery pack 207 also
includes latching tabs 615 that are spring-biased and configured to engage corresponding
structures of the battery pack receiving portion 206 to secure the battery pack 207 to the
power tool 104. To remove the battery pack 207 from the power tool 104, actuators 405 of

11
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the battery pack 207 that are mechanically linked to the latching tabs 615 are pressed inward
to cause the latching tabs 615 to move inward and disengage from the corresponding
structure in the battery pack receiving portion 206 and allow the battery pack 207 to be

slidably removed from the power tool 104.

[0055] FIG. 5 is a perspective view of the battery pack receiving portion 206 with half of
the housing removed from the power tool 104 and with the battery pack 207 detached from
the power tool 104. As shown in FIG. 5, the terminal block 505 includes male terminals 515
(i.e., tool terminals 515) that make physical and electrical contact with female terminals 620
of the battery pack 207 (i.e., battery terminals 620) when the battery pack 207 is coupled to
the battery pack receiving portion 206. Such contact allows for the power tool 104 to be
electrically connected to the battery pack 207. For example, two of the terminals 515 are
used for transferring power from the battery pack 207 to the power tool 104 (i.e., a positive
power terminal and a negative power terminal). One or more of the other terminals 515 may
be used for communication between the power tool 104 and the battery pack 207. For
example, each of the power tool 104 and the battery pack 207 may include an electronic
processor (e.g., a microcontroller) that can bidirectionally communicate with each other. In
some embodiments, one or more of the terminals 515 are used to directly provide a sensor
reading from a sensor of the power tool 104 or the battery pack 207 to the other of the power
tool 104 and the battery pack 207. Although FIG. 5 shows four terminals 515 on the terminal
block 505, in other embodiments, the terminal block 505 may include more or fewer
terminals 515. Additionally, although the terminals 515 of the terminal block 505 are shown
as male terminals and the terminals 620 of the battery pack 207 are shown as female
terminals, in some embodiments, the terminal block 505 may include female terminals and
the battery pack 207 may include male terminals. Although not shown in FIG. 5, in some
embodiments, a top surface 520 of the terminal block 505 includes a printed circuit board
(PCB) configured to electrically connect to one or more of the terminals 515. The top surface
520 of the terminal block 505 may form a potting boat as shown in FIG. 5 to receive the
PCB. In some embodiments, the PCB on the top surface 520 of the terminal block 505 is a
main control PCB of the power tool 104 that includes a microcontroller and a gate driver that
drives field-effect transistors (FETs) located on another PCB. For example, the PCB on the
top surface 520 of the terminal block 505 may include an electronic processor 226 explained
below with respect to FIG. 14. The electronic processor 226 may control tool operations

such as storing logged information (e.g., usage data), interfacing with the trigger 212 to

12
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determine when the trigger 212 is actuated, controlling overload shutdown conditions of the

power tool 104, and the like.

[0056] As shown in FIG. 5, in some embodiments, the battery pack receiving portion 206
of the power tool 104 includes an insertable device compartment 525 located above the
battery pack 207 when the battery pack 207 is attached to the power tool 104. In some
embodiments, the insertable device compartment 525 is configured to receive and support an
insertable wireless communication device 705 (see FIG. 7A) that provides enhanced
functionality to the power tool 104 (e.g., communication capabilities, tracking capabilities,
etc.) as described in greater detail below. In some embodiments, a bottom surface of the
insertable device compartment 525 is formed by a shelf 530 located above the battery pack
207 when the battery pack 207 is attached to the power tool 104. As shown in FIG. 5 where a
portion of a clamshell housing is removed from the power tool 104, in some embodiments,
the insertable device compartment 525 spans a dividing line of the clamshell housing of the
power tool 104 where one portion of the insertable device compartment 525 (i.e., a left
portion) is included on one piece of the clamshell housing (i.e., a left piece) and another
portion of the insertable device compartment 525 (i.e., a right portion) is included on another

piece of the clamshell housing (i.e., a right piece).

[0057] Also as shown in FIG. 5, in some embodiments, the insertable device
compartment 525 is located underneath the top surface 520 of the terminal block 505 but
above the battery pack 207 when the battery pack 207 is attached to the power tool 104. To
allow for such an arrangement, in some embodiments, the terminal block 505 and its
terminals 515 have an increased height compared to terminal blocks of power tools that do
not include the insertable device compartment 525. This increased height of the terminal
block 505 and the terminals 515 allow the insertable wireless communication device 705 to
share the same terminal block 505 and/or at least some of the same terminals 515 with the
battery pack 207. In other words, both the battery pack 207 and the insertable wireless
communication device 705 are physically and electrically connected to one or more of the
same terminals 515 of the terminal block 505. Such a shared terminal arrangement is useful
because many different types of power tools (e.g., reciprocating saws, drills, circular saws,
etc.) have different housing shapes and designs. However, such power tools often have
identical battery pack receiving portions when the power tools are made by the same

manufacturer (e.g., to allow the same battery pack to be used with multiple different power
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tools). Thus, a modification of the battery pack receiving portion 206 to include the
insertable device compartment 525 as shown in FIG. 5 may be universally implemented
across many different types of power tools despite the difference in housing shapes and

designs of the different types of power tools.

[0058] As shown in FIG. 5, in some embodiments, the shelf 530 acts as a partition that
separates the insertable device compartment 525 and the battery pack compartment 535. In
some embodiments, the shelf 530 is located on a plane approximately perpendicular to the
terminals 515 that divides the terminals 515 into an upper portion and a lower portion. For
example, the upper portion of the terminals 515 is the portion of the terminals 515 that is
located above the plane on which the shelf 530 is located. In other words, the upper portion
of the terminals 515 is located in the insertable device compartment 525. The lower portion
of the terminals 515 is the portion of the terminals 515 that is located above the plane on
which the shelf 530 is located. In other words, the lower portion of the terminals 515 is
located in the battery pack compartment 535. As shown in FIG. 5, in some embodiments, the
terminals 515 extend from the terminal block 505 through the insertable device compartment
525 and into the battery pack compartment 535. The tool terminals 515 in such embodiments
are configured to be physically and electrically connected to at least one of the group
consisting of the battery terminals 620 and device terminals 710 of the insertable wireless
communication device 705 as described in greater detail below. Although the tool terminals
515 are shown in FIG. 5 as including a flat rectangular shape where the entire terminal 515
lies in a single vertical plane, in other embodiments, one or more of the tool terminals 515
vary in size, shape, and/or plane location as illustrated by the longer terminals 1838 shown in
FIG. 18B. In some embodiments, varying the size, shape, and/or plane location of one or
more of the tool terminals 515 allows such terminals to physically and electrically connect to
battery terminals 620 and/or device terminals 710 that have a different size or shape than

each other and/or that are located in different vertical plane than each other.

[0059] In some embodiments, the height (i.e., thickness) of the insertable wireless
communication device 705 is less than approximately one inch (i.e., less than approximately
twenty-five millimeters) in order to reduce the increase in height of the battery pack receiving
portion 206, the terminal block 505, and the terminals 515 resulting from accommodating the
insertable device compartment 525 and the insertable wireless communication device 705. In

some embodiments, the height of the insertable wireless communication device 705 and/or
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the height of the insertable device compartment 525 is less than approximately twenty
millimeters, is less than approximately fifteen millimeters, is less than approximately twelve
millimeters, is less than approximately ten millimeters, is between ten and twenty-five
millimeters, is between ten and twenty millimeters, or is between ten and fifteen millimeters.
In some embodiments, the height of the insertable wireless communication device 705 is
approximately 11.7 millimeters. In some embodiments, the height (i.e., thickness) of the
insertable wireless communication device 705 mentioned above is the height of the insertable
wireless communication device 705 from a bottom surface 720 of the insertable wireless
communication device 705 that faces the battery pack 207 when the insertable wireless
communication device 705 and the battery pack 207 are attached to the power tool 104 to a
top surface 725 of the insertable wireless communication device 705 that faces the top of the
terminal block 505 when the insertable wireless communication device 705 is attached to the
power tool 104. For example, see height H of the insertable wireless communication device
705 shown in the side profile view of the battery pack receiving portion 206 with part of the

housing removed in FIG. 8.

[0060] FIG. 7B is a top view of the insertable wireless communication device 705 with a
top part of the housing of the insertable wireless communication device 705 removed. As
shown in FIG. 7B, the insertable wireless communication device 705 includes a PCB 730 that
includes components that provide enhanced functionality to the power tool 104 (e.g.,
communication capabilities, tracking capabilities, etc.) as described in greater detail below.
FIG. 7B illustrates approximate dimensions (i.e., length and width) of the insertable wireless
communication device 705 and the PCB 730. In the embodiment shown, the length of the
insertable wireless communication device 705 is approximately fifty-three millimeters and
the width of the insertable wireless communication device 705 is approximately forty-eight
millimeters. In some embodiments, the PCB 730 has a length of approximately forty
millimeters, a width of approximately forty-five millimeters, and a height (i.e., thickness) of
approximately 4.7 millimeters. In some embodiments, the surface area of the PCB 730 (i.e.,
the area defined by the length and the width) allows all components that are mounted on the
PCB 730 to be mounted on single surface of the PCB 730, which reduces the height of the

insertable wireless communication device 703.

[0061] As shown in FIG. 7A, the insertable wireless communication device 705 also

includes a light-emitting diode (LED) window 715 that allows an LED that is connected to
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the PCB 730 to provide information to the user as explained in greater detail below. As
shown in FIG. 9, while the battery pack 207 covers part of the back (i.e., rear) of the
insertable wireless communication device 705 (i.e., the bottom part), part of the back of the
insertable wireless communication device 705 (i.e., the top part) remains exposed and, thus,
allows the LED window 715 to be viewable above the battery pack 207 when the battery
pack 207 is coupled to the power tool 104. In particular, the LED window 715 is located just
above a display 905 of the battery pack 207 that provides information to a user (e.g., a fuel
gauge that indicates charge level of the battery pack 207). Accordingly, a user can easily
view both the display 905 of the battery pack 207 and the LED window 715 of the insertable
wireless communication device 705 because they are located adjacent to each other. As
shown in FIGS. 8 and 9, when the battery pack 207 is coupled to and supported by the battery
pack receiving portion 206, the battery pack 207 at least partially blocks an opening of the
insertable device compartment 525 such that the insertable wireless communication device
530 may not be removed from the insertable device compartment 525 if it has been
previously inserted. In other words, a top portion of the battery pack 207 overlaps a

horizontal plane defined by the insertable device compartment 525 as indicated in FIG. 8.

[0062] As shown in FIG. 7A, the insertable wireless communication device 705 includes
female terminals 710 (i.e., device terminals 710) that are similar to the terminals 620 of the
battery pack 207. In other words, the terminals 710 of the insertable wireless communication
device 705 may be the same type of terminal as the terminals 620 of the battery pack 207.
The terminals 710 engage one or more terminals 515 of the terminal block 505 when the
insertable wireless communication device 705 is located in the insertable device compartment
525 and attached to the power tool 104. In other words, the terminals 710 are physically and
electrically coupled to at least one of the terminals 515 of the terminal block 505 of the power
tool 104. The terminals 710 may be used for similar purposes as the terminals 620 of the
battery pack 207. For example, two of the terminals 710 are used for transferring power from
the battery pack 207 to the insertable wireless communication device 705 (i.e., a positive
power terminal and a negative power terminal) to provide power to the electrical components
inside the insertable wireless communication device 705 and/or to charge an internal battery
(e.g.. a coin cell) of the insertable wireless communication device 705, as explained in greater
detail below. One or more of the other terminals 710 may be used for communication
between the insertable wireless communication device 705 and at least one of the power tool

104 and the battery pack 207. For example, the insertable wireless communication device
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705 includes a wireless communication circuit that allows the external device 108 to
bidirectionally communicate with at least one of an electronic processor of the power tool
104 and an electronic processor of the battery pack 207 via the wireless communication
circuit. In some embodiments, one or more of the terminals 710 is used to directly receive a

sensor reading from a sensor of at least one of the power tool 104 and the battery pack 207.

[0063] As explained above, in some embodiments, the terminals 620 of the battery pack
207 and the terminals 710 of the insertable wireless communication device 705 are physically
and electrically connected to one or more of the same terminals 515 of the terminal block 505
of the power tool 104. In other words, the terminals 620 and the terminals 710 are connected
to one or more shared terminals of the terminals 515 (for example, see FIGS. 8 and 9). In
some embodiments, at least one of the battery pack 207 and the insertable wireless
communication device 705 include at least one terminal that is connected to a terminal of the
terminals 515 of the power tool 104 that is not shared with the other of the battery pack 207
and the insertable wireless communication device 705. For example, FIG. 10 is a bottom
perspective view of the terminal block 505 shown in previous figures. The terminal block
505 includes four shared terminals 515 that are physically and electrically coupleable to both
the battery pack 207 and the insertable wireless communication device 705. FIG. 11 is a
back (i.e., rear) view of a modified terminal block 1105 according to another embodiment.
The modified terminal block 1105 still includes the four terminals 515 that physically and
electrically couple to the battery pack 207. However, the modified terminal block 1105
additionally includes four other terminals 1110 (i.e., tool terminals 1110) that physically and
electrically couple to the insertable wireless communication device 705 but not to the battery
pack 207. In such embodiments, the terminals 710 of the insertable wireless communication
device 705 may be modified accordingly to physically and electrically couple to the terminals
1110 of the modified terminal block 1105. In embodiments that utilize the modified terminal
block 1105, the insertable wireless communication device 705 may still be configured to
physically and electrically couple with at least one shared terminal 515 (e.g., to receive power
from the battery pack 207 via power terminals). In other words, at least one of the insertable
wireless communication device 705 and the battery pack 207 physically and electrically
couples to at least one shared terminal (e.g., one or more terminal of the terminals 515) and
one unshared terminal (e.g., one or more terminals of the terminals 1110). Alternatively, the
insertable wireless communication device 705 may be configured to physically and

electrically couple solely with the terminals 1110 such that there are no shared terminals
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between the insertable wireless communication device 705 and the battery pack 207. In all of
the above-noted embodiments, the terminal block 505, 1105 is nevertheless a common
interface for two different devices (i.e., the battery pack 207 and the insertable wireless

communication device 705).

[0064] As shown in FIG. 11, in some embodiments, terminals 1110 that are to be coupled
to the insertable wireless communication device 705 and that are not coupleable to the battery
pack 207 (i.e., unshared terminals) have a shorter height than the terminals 515 that are
shared terminals or terminals that are to be coupled solely to the battery pack 207. As shown
in FIG. 11, in some embodiments, the terminals 1110 do not extend through a plane 1115 on
which the shelf 530 is located. In such embodiments, the terminals 1110 extend from the
terminal block 1105 into the insertable device compartment 525 without extending into the
battery pack compartment 535. Although FIG. 11 illustrates four terminals 515 and four
terminals 1110, in some embodiments, the terminal block 1105 may include more or fewer
terminals 515 and/or 1110. Additionally, although the terminals 515 and 1110 of the terminal
block 1105 are shown as male terminals, in some embodiments, the terminal block 1105 may
include female terminals and the battery pack 207 and the insertable wireless communication

device 705 may include male terminals.

[0065] FIG. 12 illustrates an insertable wireless communication device 1205 similar to
the insertable wireless communication device 705, and the previous description thereof
applies to the wireless communication device 1205 except that the wireless communication
device 1205 includes snap members 1210 that are used to secure the insertable wireless
communication device 1205 to a terminal block of the power tool 104. With reference to
FIG. 13 where part of the clamshell housing is removed, the insertable wireless
communication device 1205 is inserted into insertable device compartment 525 until the snap
members 1210 settle into grooves 1310 on lateral sides of a terminal block 1305 that is
similar to the terminal block 505, 1105 explained previously herein, but for the addition of
the grooves 1310. In some embodiments, an edge of the snap members 1210 that enters the
grooves 1310 includes a return angle to allow removal of the insertable wireless
communication device 1205. A larger return angle than insert angle on the snap members
1210 makes it is easier to insert the insertable wireless communication device 1205 and more
difficult to remove the insertable wireless communication device 1205. For example, in

some embodiments, the insertable wireless communication device 1205 is not intended to be

18



WO 2020/163450 PCT/US2020/016752

removed by a user once the insertable wireless communication device 1205 is installed in the
insertable device compartment 525. However, the insertable wireless communication device
1205 may be removable by authorized personnel at a service center. In other embodiments,
the insertable wireless communication device 1205 may be removable by a user after
installation in the insertable device compartment 525. The snap members 1210 and the
grooves 1310 are merely an example of one manner in which the insertable wireless
communication device 1205 may be secured to the power tool 104 in the insertable device
compartment 525. In other embodiments, the insertable wireless communication device 705

and/or 1205 is secured to the power tool 104 in other manners.

[0066] FIG. 14 illustrates a block diagram of the power tool 104 according to one
example embodiment. As shown in FIG. 14, the power tool 104 includes the motor 214 that
includes the rotor 280 and the stator 285. The motor 214 actuates the drive device 210 and
allows the drive device 210 to perform the particular task. The battery pack 207 couples to
the power tool 104 via a battery pack interface 222 and provides electrical power to energize
the motor 214. The trigger 212 is coupled with a trigger switch 213. 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 trigger switch 213 becomes activated, which causes the motor 214
to be energized. When the trigger 212 is released by the user, the trigger switch 213 becomes

deactivated, and the motor 214 is de-energized.

[0067] As shown in FIG. 14, the power tool 104 also includes a switching network 216,
sensors 218, indicators 220, a power input unit 224, and an electronic processor 226. The
battery pack interface 222 includes a combination of mechanical (e.g., the battery pack
receiving portion 206 including battery support structure) and electrical components (e.g.,
terminals 515) configured to and operable for interfacing (e.g., mechanically, electrically, and
communicatively connecting) the power tool 104 with the battery pack 207. The battery pack
interface 222 transmits the power received from the battery pack 207 to the power input unit
224. The power input unit 224 includes combinations of active and passive components (e.g.,
voltage step-down controllers, voltage converters, rectifiers, filters, etc.) to regulate or control
the power received through the battery pack interface 222 and provided to the insertable

wireless communication device 705, 1205 and the electronic processor 226.
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[0068] The switching network 216 enables the electronic processor 226 to control the
operation of the motor 214. Generally, when the trigger 212 is depressed (i.e., the trigger
switch 213 is closed), electrical current is supplied from the battery pack interface 222 to the
motor 214, via the switching network 216. When the trigger 212 is not depressed, electrical
current is not supplied from the battery pack interface 222 to the motor 214. In some
embodiments, the trigger switch 213 may 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, or other
parameter. In response to the electronic processor 226 receiving the activation signal from
the trigger switch 213, the electronic processor 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 several field effect transistors (FETSs), bipolar
transistors, or other types of electrical switches, such as six FETs in a bridge arrangement.
The electronic processor 226, in some embodiments, drives successive switching elements of
the switching network 216 with respective pulse width modulation (PWM) signals to
alternately drive stator coils of the stator 285, thus inducing rotation of the rotor 280.
Although the power tool 104 is described above as including the switching network 216 that
controls PWM signals to alternatively drive the motor 214 that may be a brushless direct
current (DC) motor, in other embodiments, the motor 214 may include a brushed motor that
is driven in accordance with brushed motor control techniques or other types of motors driven

in accordance with corresponding other types of motor control techniques.

[0069] The sensors 218 are coupled to the electronic processor 226 and communicate to
the electronic processor 226 various signals indicative of different parameters of the power
tool 104 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 electronic processor 226 controls the switching
network 216 in response to signals received from the sensors 218. For example, if the

electronic processor 226 determines that the speed of the motor 214 is increasing too rapidly
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based on information received from the sensors 218, the electronic processor 226 may adapt
or modify the active switches or switching sequence within the switching network 216 to
reduce the speed of the motor 214. Data obtained via the sensors 218 may be saved in the

electronic processor 226 as tool usage data.

[0070] The indicators 220 are also coupled to the electronic processor 226 and receive
control signals from the electronic processor 226 to turn on and off or otherwise convey
information based on different states of the power tool 104. 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
104. For example, the indicators 220 are configured to indicate measured electrical
characteristics of the power tool 104, the status of the power tool 104, etc. The indicators 220

may also include elements to convey information to a user through audible or tactile outputs.

[0071] As described above, the electronic processor 226 is electrically and/or
communicatively connected to a variety of components of the power tool 104. In some
embodiments, the electronic processor 226 includes a plurality of electrical and electronic
components that provide power, operational control, and protection to the components within
the electronic processor 226 and/or power tool 104. For example, the electronic processor
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. 14). In some embodiments, the electronic processor 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.

[0072] The memory 232 includes, for example, a program storage area 233a and a data
storage area 233b. The program storage area 233a and the data storage area 233b 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
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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 104 can be stored in the memory
232 of the electronic processor 226. The software includes, for example, firmware, one or
more applications, program data, filters, rules, and other executable instructions. The
electronic processor 226 is configured to retrieve from memory and execute, among other
things, instructions related to the control processes and methods described herein. The
electronic processor 226 is also configured to store power tool information on the memory
232. The power tool information stored on the memory 232 may include power tool
identification information (e.g., including a unique identifier of the power tool 104) and also
power tool operational information including information regarding the usage of the power
tool 104, information regarding the maintenance of the power tool 104, power tool trigger
event information, parameter information to operate the power tool 104 in a particular mode,
and other information relevant to operating or maintaining the power tool 104. In other
constructions, the electronic processor 226 includes additional, fewer, or different

components.

[0073] The electronic processor 226 also includes a data connection (e.g., a
communication channel) 262 to optionally couple to the insertable wireless communication
device 705, 1205. In some embodiments, the data connection 262 includes one or more wires
(and/or a ribbon cable) that are connected from the electronic processor 226 to one or more
terminals 515, 1110 of the terminal block 505, 1105. When the insertable wireless
communication device 705, 1205 is inserted into the insertable device compartment 525, the
terminals 710 of the insertable wireless communication device 705, 1205 connect with one or
more terminals 515 and/or 1110 of the terminal block 505, 1105 and communication between
the electronic processor 226 and the insertable wireless communication device 705, 1205 is

thereby enabled (for example, see FIGS. 8 and 13).

[0074] FIG. 15 illustrates a block diagram of the insertable wireless communication
device 705, 1205 according to one example embodiment. The insertable wireless
communication device 705, 1205 enables the electronic processor 226 of the power tool 104
to communicate with the external device 108 to transmit power tool data (e.g., power tool

usage data, configuration data, maintenance data, and the like) and to receive power tool
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configuration data (e.g., settings for operating the power tool 104 in a particular mode and the
like) and commands to control power tool components (e.g., turn on a work light, lock the
power tool 104, and the like). As shown in FIG. 15, the insertable wireless communication
device 705, 1205 includes a wireless communication controller 250, a backup power source
252 (e.g., a coin cell battery, another type of battery cell, a capacitor, or another energy
storage device), and a real-time clock (RTC) 260. In some embodiments, the RTC 260 is part
of the wireless communication controller 250 as shown in FIG. 15. In other embodiments,
however, the RTC 260 is part of the power tool 104 and is permanently connected to the
electronic processor 226. In some embodiments, the insertable wireless communication
device 705, 1205 also includes an indicator light 320 (e.g., an LED that is viewable through
the LED window 715 shown in FIG. 7A).

[0075] The wireless communication controller 250 includes an antenna and radio
transceiver 254, a memory 256, an electronic processor 258, and the real-time clock (RTC)
260. The antenna and radio transceiver 254 operate together to send and receive wireless
messages to and from an external device 108 and the electronic processor 258. The memory
256 can store instructions to be implemented by the electronic processor 258 and/or may
store data related to communications between the power tool 104 and the external
communication device 108 or the like. The electronic processor 258 for the wireless
communication controller 250 controls wireless communications between the power tool 104
and the external device 108. For example, the electronic processor 258 associated with the
wireless communication controller 250 buffers incoming and/or outgoing data, communicates
with the electronic processor 226 of the power tool 104, and determines the communication
protocol and/or settings to use in wireless communications. In other words, the wireless
communication controller 250 is configured to receive data from the power tool electronic
processor 226 and relay the information to the external device 108 via the antenna and
transceiver 254. In a similar manner, the wireless communication controller 250 is
configured to receive information (e.g., configuration and programming information) from
the external device 108 via the antenna and transceiver 254 and relay the information to the

power tool electronic processor 226.

[0076] In the illustrated embodiment, the wireless communication controller 250 is a
Bluetooth® controller. The Bluetooth® controller communicates with the external device

108 employing the Bluetooth® protocol. Therefore, in the illustrated embodiment, the
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external device 108 and the power tool 104 are within a communication range (i.e., in
proximity) of each other while they exchange data. In other embodiments, the wireless
communication controller 250 communicates using other protocols (e.g., Wi-Fi, cellular
protocols, etc.) over a different type of wireless network. For example, the wireless
communication controller 250 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). As another example, the wireless
communication controller 250 may be configured to communicate over a cellular network
(e.g., using primary transceiver 1625 of FIG. 16). The communication via the wireless
communication controller 250 may be encrypted to protect the data exchanged between the
power tool 104 and the external device 108 (or network) from third parties. In some
embodiments, the wireless communication controller 250 includes a multi-band/multi-
protocol antenna. In other words, a single antenna may be used for multiple transceivers that
use different communication protocols (e.g., Bluetooth®, Wi-Fi, GPS, cellular, etc.). In such
embodiments, each transceiver may selectively connect to the antenna via a respective

switch, power divider, or frequency dependent impedance network.

[0077] Specific examples of communication capabilities between the power tool 104 and
the external device 108 and other capabilities of the insertable wireless communication
device 705, 1205 are included in U.S. Patent Application No. 16/056,710, which was filed
August 7, 2018, the contents of which are hereby incorporated by reference. In some
embodiments, the wireless communication controller 250 of the insertable wireless
communication device 705, 1205 functions similarly as the wireless communication
controller 250 of the wireless communication device 300 described in U.S. Patent
Application No. 16/056,710. For example, the wireless communication controller 250 is
configured to periodically broadcast an identification signal for the power tool 104 that
includes unique identification information stored by the power tool memory 232 and
provided to the insertable wireless communication device 705, 1205 by the power tool
electronic processor 226. The identification signal for the power tool 104 can then be used to
track the location of the power tool 104 (see FIG. 16 and corresponding explanation of U.S.
Patent Application No. 16/056,710). In some embodiments, the wireless communication
controller 250 broadcasts an identification signal to the external device 108, and the external
device 108 determines its own location (e.g., using a GNSS receiver) and transmits the

location of the external device 108 and the identification information of the power tool 104 to
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the server 112 over a network. Such communication using the external device 108 as the
intermediary allows the approximate location of the power tool 104 to be determined because
the insertable wireless communication device 705, 1205 is known to be within
communication range (e.g., Bluetooth® communication range) of the external device 108
when the external device 108 receives the broadcasted identification signal from the
insertable wireless communication device 705, 1205. In other embodiments, for example
where the insertable wireless communication device 705, 1205 has cellular communication
capabilities (see the embodiment of FIG. 16 explained below), the insertable wireless
communication device 705, 1205 may be configured to communicate identification
information and location information directly to the server 112 over the network without
using the external device 108 as an intermediary. In such embodiments, the insertable
wireless communication device 705, 1205 may include a GNSS receiver to determine its
location (see FIG. 16). Such embodiments may allow for more precise location
determination of the power tool 104 and do not require the external device 108 to serve as an
intermediary between the insertable wireless communication device 705, 1205 and the server
112. However, such embodiments may require additional components and/or larger
components in the insertable wireless communication device 705, 1205 that may take up
limited space in the insertable wireless communication device 705, 1205 and in the battery
pack receiving portion 206 of the power tool 104. While the above embodiments involve
communication between the insertable wireless communication device 705, 1205 and the
server 112 directly for tracking purposes or through the external device 108 as an
intermediary for tracking purposes, such communication between any of these devices is
possible for other purposes as well (e.g., storing tool usage data, retrieving stored modes
and/or operational parameters to program the power tool 104, retrieving firmware updates,
and the like).

[0078] As another example of a function that the wireless communication controller 250
may perform, the wireless communication controller 250 allows the power tool 104 to be
locked out in response to user selection on the external device 108. In other words, the
external device 108 may send a command to the power tool 104 via the wireless
communication controller 250 to prevent the motor 214 from operating even in response to
actuation of the trigger 212 (see FIG. 17 and corresponding explanation of U.S. Patent
Application No. 16/056,710). Such a command may control the power tool 104 to

immediately lock out or to lock out at a future time. In some embodiments, the insertable
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wireless communication device 705, 1205 may lock out (i.e., disable) the power tool 104 by
preventing communications between the battery pack 207 and the power tool 104 or by
sending a lock command to the electronic processor 226 instructing the electronic processor
to not drive the motor 214 in response to actuation of the trigger 212. As another example of
a function that the wireless communication controller 250 may perform, the wireless
communication controller 250 may be configured to be electronically irremovable from the
power tool 104 such that the power tool 104 is unable to operate if the insertable wireless
communication device 705, 1205 is removed from the power tool 104 (see FIGS. 29-31 and

corresponding explanation of U.S. Patent Application No. 16/056,710).

[0079] The RTC 260 increments and keeps time independently of the other power tool
components. In the illustrated embodiment, the RTC 260 is powered through the wireless
communication controller 250 when the wireless communication controller 250 is powered.
In some embodiments, however, the RTC 260 is a separate component from the wireless
communication controller 250 and may be integrated into the power tool 104. In such
embodiments, the RTC 260 receives power from the battery pack 207 (e.g., a main or
primary power source) when the battery pack 207 is connected to the power tool 104, The
RTC 260 receives power from the backup power source 252 (e.g., a coin cell battery, another
type of battery cell, a capacitor, or another energy storage device) when the battery pack 207
is not connected to the power tool 104. Therefore, the RTC 260 keeps track of time
regardless of whether the power tool 104 is in operation, and regardless of whether the
battery pack 207 is connected to the power tool 104. When no power source is present (i.e.,
the battery pack 207 is detached from the power tool 104 and the backup power source 252 is
removed or depleted), the RTC 260 stores the last valid time. When a power source is
replaced (i.e., the battery pack 207 is attached to the power tool 104 and/or the backup power
source 252 is replaced), the RTC 260 uses the stored time as a starting point to resume

keeping time.

[0080] The starting time for the RTC 260 is set to current Greenwich Mean Time (GMT)
time at the factory at time of manufacture. The time is updated or synchronized whenever the
wireless communication controller 250 communicates with the external device 108. Because
GMT time is independent of calendar, seasons, or time schemas, using GMT time allows the
power tool 104 or the external device 108 to convert from time indicated by the RTC 260 to

localized time for display to the user.
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[0081] The backup power source 252 also provides power to the RTC 260 to enable
continuous tracking of time. In some embodiments, the backup power source 252 does not
provide power to energize the motor 214, drive the drive device 210, or power the power tool
electronic processor 226, and generally only powers the wireless communication controller
250, the indicator light 320, and the RTC 260 (e.g., in embodiments in which the RTC 260 is
separate from the wireless communication controller 250) when the battery pack 207 is not
attached to the power tool 104. In other embodiments, the backup power source 252 also
provides power to low-power elements such as, for example, LEDs, and the like. In some
embodiments, the backup power source 252 also provides power to the power tool electronic
processor 226 to allow the power tool electronic processor 226 to communicate with the
external device 108 when the battery pack 207 is not coupled to the power tool 104. In some
embodiments, the wireless communication controller 250 includes a voltage sensor 265 (see
FIG. 15) coupled to the backup power source 252. The wireless communication controller
250 uses the voltage sensor 265 to determine the state of charge of the backup power source
252. The wireless communication controller 250 may include the state of charge of the
backup power source 252 in the identification message that is periodically broadcasted to the
external device 108. The user can then be alerted by the external device 108 when the state

of charge of the backup power source 252 is low.

[0082] In the illustrated embodiment, the backup power source 252 includes a coin cell
battery located on the PCB 730. The coin cell battery is merely an example power source. In
some embodiments, the backup power source 252 may be another type of battery cell, a
capacitor, or another energy storage device. The coin cell battery provides sufficient power
to allow the wireless communication controller 250 to broadcast at least minimal
identification information. In the illustrated embodiment, the coin cell battery can run for
several years by allowing the power tool 104 to only “broadcast™ or “advertise” once every
few seconds when operating the advertisement state. However, as noted above, in some
embodiments, the backup power source 252 provides power to the power tool electronic
processor 226 to allow the power tool electronic processor 226 to communicate with the

external device 108 when the battery pack 207 is not coupled to the power tool 104.

[0083] In some embodiments, the coin cell battery is a primary (i.e., non-rechargeable)
backup battery. In other embodiments, the backup power source 252 includes a secondary

(rechargeable) backup battery cell or a capacitor. In such embodiments, the battery pack 207
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provides charging power to recharge the secondary backup battery cell or the capacitor. For
example, the power input unit 224 may include charging circuitry to charge the backup power
source 252. The rechargeable cell and capacitor may be sized to provide power for several
days or weeks before needing to recharge. While FIG. 14 shows the power input unit 224 as
a component of the power tool 104 that provides power received from the battery pack 207 to
the insertable wireless communication device 705, 1205, in some embodiments, the insertable
wireless communication device 705, 1205 includes its own separate power input unit that is
similar to the power input unit 224. For example, the power input unit of the insertable
wireless communication device 705, 1205 includes combinations of active and passive
components (e.g., voltage step-down controllers, voltage converters, rectifiers, filters, etc.) to
regulate or control the power received through the terminals 710 of the insertable wireless
communication device 705, 1205 from the battery pack 207 and provided to the components
of the insertable wireless communication device 705, 1205. In embodiments where the
insertable wireless communication device 705, 1205 includes its own power input unit,
additional power conditioning circuitry specifically designed for the insertable wireless
communication device 705, 1205 is not necessary to include in the power tool 104 because
the insertable wireless communication device 705, 1205 is directly coupled to the elongated
terminals 515 of the terminal block 505, 1105 that are also coupled to the battery pack 207.
Accordingly, there may be less wires and circuit components included within the housing of

the power tool 104, which can save space within the housing of the power tool 104.

[0084] The indicator light 320 of the insertable wireless communication device 705, 1205
is configured to indicate the state of the insertable wireless communication device 705, 1205.
For example, the indicator light 320 may, in a first indication state, light in a first color (or
blink in a first predetermined pattern) to indicate that the insertable wireless communication
device 705, 1205 is currently communicating with an external device 108. The indicator light
320 may, in a second indication state, light in a second color (or blink in a second
predetermined pattern) to indicate that the power tool 104 is locked (e.g., the motor 214 is
inoperable because a security feature has been enabled) as described above and with respect
to FIG. 16 of U.S. Patent Application No. 16/056,710. For example, when the motor 214 is
inoperable because a security feature has been enabled, the indicator light 320 may blink in a
predetermined pattern or otherwise illuminate in response to the trigger 212 being actuated to
indicate to the user that the power tool 104 has been locked out. Finally, the indicator light

320 may also light to indicate a level of charge of the backup power source 252. In one
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example, the indicator light 320 may, in a third indication state, light in a third color (or blink
in another predetermined pattern) when the state of charge of the backup power source 252
drops below a predetermined threshold. In some embodiments, the wireless communication
controller 250 may control the indicator light 320 based on the signals received from the

voltage sensor 265.

[0085] In some embodiments, the insertable wireless communication device 705, 1205
includes more or fewer components than those shown in FIG. 15. For example, the insertable
wireless communication device 705, 1205 may include an accelerometer, a gyroscope, and/or
subscriber identity module (SIM) card. As another example of the insertable wireless
communication device 705, 1205 including more or fewer components than those shown in
FIG. 15, FIG. 16 illustrates a schematic diagram of the insertable wireless communication
device 705, 1205 according to another example embodiment. As shown in FIG. 16, the
insertable wireless communication device 705, 1205 additionally includes an altitude sensor
1605 to detect an altitude at which the power tool 104 is located (e.g., a pressure sensor). In
some embodiments, the sensed altitude of the power tool 104 is used in combination with
global positioning system (GPS) information determined by a Global Navigation Satellite
System (GNSS) receiver 1615 to track the location of the power tool 104. For example,
using GPS information determined by the GNSS receiver 1615 or by a nearby external device
108 that is within communication range of the insertable wireless communication device 705,
1205 (as explained above with respect to FIG. 15 where the external device 108 acts as an
intermediary between the power tool 104 and the server 112), the insertable wireless
communication device 705, 1205 and/or the external device 108 may determine that the
power tool 104 is located in a building with fifteen stories. For example, a latitude and
longitude determination from the GNSS receiver 1615 may indicate that the power tool 104 is
located at the same latitude and longitude as the fifteen story building. Using altitude
information determined by the altitude sensor 16035, the insertable wireless communication
device 705, 1205 and/or the external device 108 may determine that the power tool 104 is
located at a height corresponding to the ninth floor of the building. To make such a
determination as described in the previous example, the insertable wireless communication
device 705, 1205 and/or the external device 108 may communicate with a mapping server or
another third party server that stores building location information (e.g., the latitude and
longitude of different buildings) and building metric information (e.g., number of floors,

heights of each floor, and the like). In some embodiments, the altitude sensor 1605 may not
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be located in the insertable wireless communication device 705, 1205 and may be included

inside the housing of the power tool 104,

[0086] In some embodiments, the insertable wireless communication device 705, 1205
additionally includes a speaker 1610 (or a buzzer) to output sound as feedback to the user.
For example, using the external device 108, a user may track the location of the power tool
104 to a certain area but still may be unable to locate the precise location of the power tool
104. In such situations, the user may provide a user input on the external device 108 that
causes the external device 108 to command the insertable wireless communication device
705, 1205 of the power tool 104 to emit a sound from the speaker 1610 (or buzzer) to assist

the user in locating the power tool 104.

[0087] As shown in FIG. 16, in some embodiments, the insertable wireless
communication device 705, 1205 includes multiple transceivers 1625, 1630, and 1635. In
some embodiments, the insertable wireless communication device 705, 1205 includes a
primary transceiver 1625 (e.g., circuitry to allow for LTE CAT-M communication), a
secondary transceiver 1630 (e.g., a Bluetooth® transceiver, a WiFi transceiver, or the like),
and a short range location finding transceiver 1635 (e.g., circuitry to allow for Ultra-Wide
Band communication). In some embodiments, one or more of the transceivers 1625, 1630,
and 1635 share an antenna 1620. In some embodiments, the primary transceiver 1625
communicates a location of the insertable wireless communication device 705, 1205 as
determined by the GNSS receiver 1615 and the altitude sensor 1605 directly to the server 112
as described in one of the above examples with respect to FIG. 15. In some embodiments,
the secondary transceiver 1630 communicates an altitude of the power tool 104 and
identification information of the power tool 104 to the external device 108. The external
device 108 acts as an intermediary and determines its own location information and transmits
the location of the external device 108, the altitude of the power tool 104, and the
identification information of the power tool 104 to the server 112 as described in another of
the above examples with respect to FIG. 15. In some embodiments, the secondary
transceiver 1630 is also used to provide tool data to the external device 108 and allow a user
to adjust operational parameters of the power tool 104 and send commands to the power tool
104 using the external device 108. In some embodiments, the short range location finding
transceiver 1635 is used to determine a precise location of the power tool 104 relative to the

user when the user is located in the general vicinity of the power tool 104 but is still unable to
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precisely locate the power tool 104. For example, the external device 108 may display a
direction in which the user should move to find the power tool 104. For example, the short
range location finding transceiver 1635 may use ultra-wideband (UWB) location finding to
determine the location of the power tool 104 relative to the external device 108. In particular,
a UWB receiver on the external device 108 may receive multiple beacon signals from the
short range location finding transceiver 1635 as the user moves the external device 108
within aroom. The electronic processor 114 of the external device 108 may determine a
distance between the insertable wireless communication device 705, 1205 and the external
device 108 for each received beacon signal. Using these distance determinations and an
accelerometer, gyroscope, GPS, or the like to keep track of the location of the external device
108 as it moves within the room, the electronic processor 114 of the external device 108 may
triangulate the location of the insertable wireless communication device 705, 1205. The
external device may then display the direction in which the user should move to find the
power tool 104 to which the insertable wireless communication device 705, 1205 is attached.
In some embodiments, the back-up power source 252 powers the secondary transceiver 1630
(i.e., a Bluetooth® transceiver) when the battery pack 207 is not coupled to the power tool
104. In some embodiments, the primary transceiver 1625 is powered by the battery pack 207
when the battery pack 207 is coupled to the power tool 104 and is not powered when the
battery pack 207 is not coupled to the power tool 104.

[0088] In some embodiments, the insertable wireless communication device 705, 1205
includes more or fewer components than those shown in FIG. 16. For example, the insertable
wireless communication device 705, 1205 may also include one or more of the memory 256,
the RTC 260, the voltage sensor 265 and the indicator light 320 as described above with
respect to FIG. 15. Although FIG. 16 only shows connections to the battery pack 207 from
the insertable wireless communication device 705, 1205, in some embodiments, the insertable
wireless communication device 705, 1205 includes additional connections to the battery pack
207 and/or the power tool 104. For example, the insertable wireless communication device
705, 1205 is additionally connected to the power tool 104 (e.g., to communicate with the
power tool electronic processor 226). Such connections may be made via the terminals 710

of the insertable wireless communication device 705, 1205 as explained previously herein.

[0089] FIG. 17A is a side profile view of the insertable wireless communication device

705, 1205. FIG. 17B is a side profile view of an insertable wireless communication device
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1705 that is similar to the insertable wireless communication devices 705 and 1205, and the
previous description thereof applies to the wireless communication device 1705 except that
the wireless communication device 1705 is modified with an increased height at the back
(i.e., rear) of the insertable wireless communication device 1705 to allow additional space for
an antenna (e.g., a cellular antenna such as the antenna 1620). As shown in FIG. 17A,
approximately 4.4 millimeters of space exists between the top surface of the PCB 730 and the
top of the housing of the insertable wireless communication device 705, 1205. In some
situations (e.g., when the antenna 1620 is configured to allow for cellular communications),
additional space above the PCB 730 may be included to accommodate the antenna 1620. As
shown in FIG. 17B, a back portion of the insertable wireless communication device 1705
may have an increased height to allow the antenna 1620 to extend further upward (see
extended housing portion 1710). In some embodiments, the extended housing portion 1710
has a height 1715 of between approximately two and approximately six millimeters compared
to aheight 1720 of a main body of the insertable wireless communication device 1705 that is
approximately twelve millimeters. In some embodiments the extended housing portion 1710
is less than or equal to 50% or less than or equal to 25% of the length of the insertable
wireless communication device 1705 along an axis of insertion into the insertable device
compartment 525. Because the extended housing portion 1710 is located on the back (i.e.,
rear) of the insertable wireless communication device 1705, the remainder of the insertable
wireless communication device 1705 is able to remain small in height in order to reduce the
increase in height of the battery pack receiving portion 206, the terminal block 505, 1105, and
the terminals 515 resulting from accommodating the insertable device compartment 525 and
the insertable wireless communication device 1705. In some embodiments, a total height
(i.e., thickness) of the insertable wireless communication device 1705 including the extended
housing portion 1710 is less than approximately one inch (i.e., less than approximately
twenty-five millimeters), is less than approximately twenty millimeters, is less than
approximately fifteen millimeters, is between ten and twenty-five millimeters, is between ten
and twenty millimeters, or is between ten and fifteen millimeters. In some embodiments, the
extended housing portion 1710 does not extend into the insertable device compartment 525 of
the power tool 104. Rather, the extended housing portion 1710 may reside outside the
insertable device compartment 525 adjacent an outer surface of the housing of the power tool
104 to reduce the increase in height of the battery pack receiving portion 206, the terminal

block 505, 1105, and the terminals 515 resulting from accommodating the insertable device

32



WO 2020/163450 PCT/US2020/016752

compartment 525 and the insertable wireless communication device 1705. In some
embodiments, the antenna 1620 is a laser direct structuring (LDS) antenna that is located on
an internal surface of the housing of the insertable wireless communication device 1705
within the extended housing portion 1710 and that may take up less space than other types of

antennas.

[0090] FIGS. 18A-18C illustrate an insertable wireless communication device 1805 and
terminal block 1810 according to another example embodiment. The insertable wireless
communication device 1805 and the terminal block 1810 are respectively similar to the
insertable wireless communication device 705, 1205, 1705 and the terminal block 505, 1103,
and the previous descriptions thereof respectively applies to the insertable wireless
communication device 1805 and the terminal block 1810 except for the differences described
below. FIG. 18A is a perspective view of the insertable wireless communication device
1805. In some embodiments, the insertable wireless communication device 1805 includes
arms 1815 that extend from a front of the insertable wireless communication device 1805 to
secure the insertable wireless communication device 1805 to the terminal block 1810 of the
power tool 104. In the embodiment shown, the arms 1815 includes holes 1820 that each
receive a fastener 1825 through a hole on the housing of the battery pack receiving portion
206 (see FIG. 18C). As shown in perspective view of FIG. 18B where the outer walls of the
terminal block 1810 are shown partially transparently to allow the inside of the terminal
block 1810 to be viewed, the terminal block 1810 may also include holes 1830 to respectively
receive the fasteners 1825 to secure the insertable wireless communication device 1805 to the
terminal block 1810. For example, the holes 1830 and the fasteners 1825 are each threaded
such that the fasteners 1825 threadingly engage the holes 1830 when rotationally inserted

therein.

[0091] In some embodiments, the insertable wireless communication device 1805 may be
removed by a user by removing the fasteners 1825. However, in other embodiments, the
insertable wireless communication device 1805 is not intended to be removed by a user once
the insertable wireless communication device 1805 is installed in the insertable device
compartment 525 but may be removable by authorized personnel at a service center using a
specialized tool configured to remove the fasteners 1825. In some embodiments, one or more
terminals of the terminal block 1810 include holes or cutouts 1835 that allow the fastener

1825 to pass through a plane in which the terminal lies. As shown in FIG. 18B, in some
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embodiments, the terminal block 1810 includes a number of short terminals 1837 configured
to electrically and physically connect to the terminals of the insertable wireless
communication device 1805 and a number of longer terminals 1838 configured to electrically
and physically connect to the terminals of the battery pack 207. As shown in FIG. 18B, in
order to reach the terminals of the battery pack 207, the longer terminals 1838 may extend
through a plane in which the insertable wireless communication device 1805 is inserted into
the battery pack receiving portion 206. In some embodiments, one or more of the longer
terminals 1838 are configured to additionally electrically and physically connect to the
terminals of the insertable wireless communication device 1805. Such longer terminals 1838
may be referred to as shared terminals. In some embodiments, a shared terminal may include
varying size, shape, and location such that a first portion of the shared terminal that is
connected to a device terminal of the insertable wireless communication device 1805 may
include a different size or shape or may be located in a different plane than a second portion
of the shared terminal that is connected to a battery terminal of the battery pack 207. In some
embodiments, one or more of the longer terminals 1838 are configured not to connect to the
terminals of the insertable wireless communication device 1805. Such longer terminals 1838

may be referred to as unshared terminals.

[0092] In some embodiments, the insertable wireless communication device 1805
includes a protrusion 1840 on the rear side of its upper surface as shown in FIG. 18A. In
some embodiments, the protrusion 1840 may provide additional space for an antenna (e.g., a
cellular antenna such as the antenna 1620). In some embodiments, the protrusion 1840 is less
than or equal to 50% or less than or equal to 25% of the length of the insertable wireless
communication device 1805 along an axis of insertion into the insertable device compartment
525. In some embodiments, the insertable wireless communication device 1805 includes a
tab 1845 protruding from a lower surface of the insertable wireless communication device
1805. The tab 1845 may aid a user in removing the insertable wireless communication
device 1805 from the battery pack receiving portion 206. Although not shown in FIGS. 18A
and 18C, in some embodiments, the insertable wireless communication device 1805 may
include an LED and the LED window 715 as shown on the insertable wireless

communication device 705, 1205, 1705.

[0093] Although FIGS. 18A-18C show a shared terminal block 1810 that includes

terminals configured to electrically and physically connect to terminals of both the insertable
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wireless communication device 1805 and the battery pack 207, in some embodiments, the
power tool 104 may include two separate terminal blocks. For example, the power tool 104
may include a terminal block for the insertable wireless communication device 1805 located
directly above a terminal block for the battery pack 207 in the same general configuration as
the terminal block 1810 shown in FIGS. 18B and 18C. FIG. 20 illustrates a side profile view
of an embodiment of the battery pack receiving portion 206 of the power tool 104 where a
terminal block 2005 for the insertable wireless communication device 1805 is separate from a
terminal block 2010 for the battery pack 207. As shown in FIG. 20, the terminal block 2005
configured to receive the insertable wireless communication device 1805 includes a z-shaped
structure when viewed from its side profile. This z-shaped structure may allow for improved
alignment and general ease of assembly during manufacturing. The terminal block 2005 is
located above the terminal block 2010 and below an internal housing 2015 (e.g., a potting
boat) that may house a PCB (e.g., a control PCB that includes an electronic processor
configured to control one or more functions of the power tool 104 such as controlling the
FETs to drive the motor 214). The terminal block 2010 includes terminals 2020 that are
configured to physically and electrically connect to battery terminals of the battery pack 207.
The terminal block 2005 also includes terminals that are not shown in FIG. 20 because the
insertable wireless communication device 1805 is shown as connected to these terminals and

obstructing the view thereof.

[0094] FIGS. 19A-19E illustrate an insertable wireless communication device 1905
according to another example embodiment. The insertable wireless communication device
1905 is similar to the insertable wireless communication device 705, 1205, 1705, 1805 and
the previous descriptions thereof apply to the insertable wireless communication device 1905
except for the differences described below. FIG. 19A is a perspective view of the insertable
wireless communication device 1905. FIG. 19B is a top view of the insertable
communication device 1905, and FIG. 19C is a side view of the insertable communication
device 1905. In some embodiments, the insertable wireless communication device 1905
includes a spring 1910 secured to side walls of the insertable wireless communication device
1905 via spring securement features 1915 (e.g., clips, holders, etc.). For example, FIG. 19D
is a zoomed-in perspective view of a side wall of the insertable wireless communication
device 1905. In some embodiments, the springs 1910 flex inward when the insertable
wireless communication device 1905 is inserted into the insertable device compartment 525.

For example, as the insertable wireless communication device 1905 is inserted into the
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insertable device compartment 525, walls 1920 of the insertable device compartment 525
cause the springs 1910 to flex inward toward the side walls of the insertable wireless
communication device 1905. The walls 1920 of the insertable device compartment 525
include detents 1925 that allow the springs 1910 to relax back to its original shape (i.e.,
unflex and extend away from the side walls of the insertable wireless communication device
1905). For example, FIG. 19E shows the spring 1910 relaxed in the detent 1925 of the wall
1920 of the insertable device compartment 525. In some embodiments, the spring 1910 is
partially relaxed when in the detent 1925 (i.e., the spring 1910 does not relax fully back to its
original shape), and does not extend outwardly as much as when the wireless communication
device 1905 is outside of the insertable device compartment 525. In the configuration shown
in FIG. 19E, the spring 1910 secures the insertable wireless communication device 1905 in
the insertable device compartment 525. However, because the spring 1920 includes smooth,
rounded edges rather than sharp edges, the insertable wireless communication device 1905
may be removed from the insertable device compartment 525 in a similar manner as how it is
inserted. In other words, a user may be able to pull the insertable wireless communication
device 1905 with enough force such that the springs 1910 flex inward and allow the
insertable wireless communication device 1905 to be removed from the insertable device

compartment 525.

[0095] As shown in FIGS. 19A-19C, in some embodiments, the insertable wireless
communication device 1905 includes a protrusion 1930 that may be similar to the protrusion
1840 explained above with respect to FIGS. 18A-18C. Although FIGS. 19A-19D show the
insertable wireless communication device 1905 including two springs 1910 (one on each side
wall of the insertable wireless communication device 1905), in some embodiments, the
insertable wireless communication device 1905 may include the spring 1910 on only one of

the two side walls of the insertable wireless communication device 1905.

[0096] FIG. 21 is a flowchart illustrating a method 2100 of operating the power tool 104
that includes an insertable device compartment 525 according to one or more of the
embodiments explained herein. At block 2105, the insertable device compartment 525 of the
battery pack receiving portion 206 of the power tool 104 receives and supports an insertable
wireless communication device 705, 1205, 1705, 1805, 1905. At block 2110, a battery pack
compartment 535 of the battery pack receiving portion 206 of the power tool 104 receives
and supports a battery pack 207. At block 2115, the power tool 104 receives power from the
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battery pack 207 via at least two shared tool terminals of a terminal block included in the
battery pack receiving portion 206. At block 2120, the insertable wireless communication
device 705, 1205, 1705, 1805, 1905 receives power from the battery pack 207 via the at least
two shared tool terminals of the terminal block. In other words, the method 2100 allows
power to be received by both the power tool 104 and the insertable wireless communication
device 705, 1205, 1705, 1805, 1905 over shared terminals of the terminal block. As
explained previously herein, shared terminals may additionally or alternatively be used for
other purposes (e.g., communicating data to/from the power tool 104, the battery pack 207,
and/or the insertable wireless communication device 705, 1205, 1705, 1805, 1905).

[0097] Thus, the invention provides, among other things, a power tool including a
compartment that receives an insertable wireless communication device that shares a terminal

block with the battery pack of the power tool.
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CLAIMS
We claim:
1. A power tool comprising:

a housing having a motor housing portion, a handle portion, and a battery pack
receiving portion, wherein the battery pack receiving portion includes a battery pack
compartment including a battery pack support structure configured to receive and support a
battery pack including battery terminals;

a motor within the motor housing portion and having a rotor and a stator;

a terminal block located in the battery pack receiving portion and including tool
terminals, wherein at least two terminals of the tool terminals are configured to electrically
and physically couple to the battery terminals;

an insertable device compartment located in the battery pack receiving portion;

an insertable wireless communication device including a first electronic processor and
a transceiver, the insertable wireless communication device configured to be received in the
insertable device compartment and including device terminals, wherein at least one device
terminal is configured to electrically and physically couple to at least one shared terminal of
the at least two terminals of the tool terminals, wherein the insertable wireless
communication device is configured to wirelessly communicate with an external device;

a second electronic processor within the housing and configured to

control operation of the motor, and

communicate with the first electronic processor when the insertable wireless
communication device is inserted into the insertable device compartment to allow
information to be transferred between the second electronic processor and the external

device.

2. The power tool of claim 1, wherein the first electronic processor of the insertable
wireless communication device is configured to at least one of a group of:

receive power tool data from the second electronic processor of the power tool and
transmit the power tool data to the external device; and

receive power tool configuration data from the external device and transmit the power

tool configuration data to the second electronic processor of the power tool.
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3. The power tool of claim 1, wherein the at least two terminals of the tool terminals
configured to couple to the battery terminals extend from the terminal block through the

insertable device compartment and into the battery pack compartment.

4, The power tool of claim 1, wherein the tool terminals include a tool terminal that
extends into the insertable device compartment but does not extend into the battery
pack compartment; and
is configured to couple to a device terminal of the device terminals but is not

configured to couple to any of the battery terminals.

5. The power tool of claim 1, wherein the tool terminals include a tool terminal that is
configured to couple to a battery terminal of the battery terminals but is not configured to

couple to any of the device terminals.

6. The power tool of claim 1, wherein the at least one shared terminal is configured to at
least one of a group consisting of:

allow power to be provided from the battery pack to the power tool and to the
insertable wireless communication device via the at least one shared terminal; and

allow data to be exchanged between at least two of a group consisting of the battery
pack, the power tool, and the insertable wireless communication device via the at least one

shared terminal.

7. The power tool of claim 1, wherein the battery pack is configured to be slidably
received by the battery pack compartment along a first plane; and

wherein the insertable wireless communication device is configured to be slidably
received by the insertable device compartment along a second plane that is parallel to the first

plane.
8. The power tool of claim 1, wherein when the battery pack is coupled to and supported

by the battery pack receiving portion of the power tool, the battery pack at least partially

blocks an opening of the insertable device compartment.
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9. A power tool comprising:

a housing having a motor housing portion, a handle portion, and a battery pack
receiving portion,

wherein the battery pack receiving portion includes

a terminal block including tool terminals,

a battery pack compartment including a battery pack support structure
configured to receive and support a battery pack, wherein the battery pack includes
battery terminals configured to physically and electrically connect to a first selection
of at least two terminals of the tool terminals,

an insertable device compartment configured to receive and support an
insertable wireless communication device, wherein the insertable wireless
communication device includes device terminals configured to physically and
electrically connect to a second selection of at least two terminals of the tool

terminals.

10.  The power tool of claim 9, wherein the first selection of at least two terminals of the
tool terminals that are configured to be physically and electrically connected to the battery
terminals of the battery pack are shared terminals that are the same as the second selection of
at least two terminals of the tool terminals that are configured to be physically and
electrically connected to the device terminals of the insertable wireless communication

device.

11.  The power tool of claim 10, wherein the shared terminals are configured to at least
one of a group consisting of’

allow power to be provided from the battery pack to the power tool and to the
insertable wireless communication device via the shared terminals; and

allow data to be exchanged between at least two of a group consisting of the battery
pack, the power tool, and the insertable wireless communication device via the shared

terminals.

12. The power tool of claim 10, wherein the shared terminals extend from the terminal

block through the insertable device compartment and into the battery pack compartment.
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13. The power tool of claim 9, wherein the tool terminals include a tool terminal that
extends into the insertable device compartment but does not extend into the battery
pack compartment; and
is configured to couple to a device terminal of the device terminals but is not

configured to couple to any of the battery terminals.

14. The power tool of claim 9, wherein the tool terminals include a tool terminal that is
configured to couple to a battery terminal of the battery terminals but is not configured to

couple to any of the device terminals.

15. The power tool of claim 9, wherein the insertable wireless communication device is
configured to wirelessly communicate with an external device and the insertable wireless
communication device includes a first electronic processor and a transceiver; and
wherein the power tool includes a second electronic processor within the housing and
configured to
control operation of a motor located within the motor housing portion, and
communicate with the first electronic processor when the insertable wireless
communication device is inserted into the insertable device compartment to allow
information to be transferred between the second electronic processor and the external

device.

16. The power tool of claim 15, wherein the first electronic processor of the insertable
wireless communication device is configured to at least one of a group of:

receive power tool data from the second electronic processor of the power tool and
transmit the power tool data to the external device; and

receive power tool configuration data from the external device and transmit the power

tool configuration data to the second electronic processor of the power tool.

17. A method of operating a power tool, the method comprising:

receiving and supporting an insertable wireless communication device in an insertable
device compartment of a battery pack receiving portion of the power tool that includes a
housing having a motor housing portion, a handle portion, and the battery pack receiving

portion, wherein the insertable wireless communication device includes device terminals
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configured to physically and electrically connect to shared tool terminals of a terminal block
included in the battery pack receiving portion;

receiving and supporting a battery pack in a battery pack compartment of the battery
pack receiving portion, wherein the battery pack includes battery terminals configured to
physically and electrically connect to the shared tool terminals;

receiving, by the power tool, power from the battery pack via at least two of the
shared tool terminals; and

receiving, by the insertable wireless communication device, power from the battery

pack via the at least two of the shared tool terminals.

18. The method of claim 17, further comprising:

receiving, by the power tool, first data from at least one of a group consisting of the
battery pack and the insertable wireless communication device via at least one other of the
shared tool terminals; and

receiving, by the insertable wireless communication device, second data from at least
one of a group consisting of the battery pack and the power tool via the at least one other of

the shared tool terminals.

19. The method of claim 17, wherein the insertable wireless communication device is
configured to wirelessly communicate with an external device and the insertable wireless
communication device includes a first electronic processor and a transceiver, wherein the
power tool includes a second electronic processor within the housing, and further comprising:

controlling, with the second electronic processor, operation of a motor located within
the motor housing portion, and

communicating information between the first electronic processor and the second
electronic processor when the insertable wireless communication device is inserted into the
insertable device compartment to allow the information to be transferred between the second

electronic processor and the external device via the first electronic processor.

20. The method of claim 19, wherein communicating the information between the first

electronic processor and the second electronic processor includes:
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receiving, with the first electronic processor, power tool data from the second
electronic processor of the power tool and transmitting the power tool data to the external
device; and

receiving, with the first electronic processor, power tool configuration data from the
external device and transmitting the power tool configuration data to the second electronic

processor of the power tool.
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