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VIBRATION REDUCTION SYSTEM AND METHOD FOR POWER TOOLS

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/275,107, filed on January 5, 2016, the entire contents of which are hereby incorporated by

reference.
FIELD OF THE INVENTION

[0002] The present invention relates to reducing vibration of a power tool during

operation.
SUMMARY

[0003] In one embodiment, a power tool is provided that includes a housing and a motor
within the housing. The motor includes a rotor and a stator, and the rotor is coupled to a
drive mechanism to produce an output. The power tool further includes a magnetically
susceptible fluid located within the housing. The power tool further includes an inductor
within the housing and configured to introduce a magnetic field to the magnetically
susceptible fluid. The power tool further includes a sensor configured to indicate an amount
of vibration experienced by the power tool. The power tool further includes an electronic
processor coupled to the sensor and to the inductor. The electronic processor is configured to
receive an input signal from the sensor indicating the amount of vibration, to generate a
control signal based on the input signal, and to provide the control signal to the inductor to

control the magnetic field.

[0004] In one embodiment, a method of reducing vibration experienced by a power tool
is provided. The method includes generating, with a sensor, an input signal indicating an
amount of vibration experienced by the power tool. The method further includes receiving,
with an electronic processor from the sensor, the input signal. The method further includes
generating, with the electronic processor, a control signal based on the input signal. The
method further includes transmitting the control signal from the electronic processor to an
inductor. The method further includes introducing a magnetic field, with the inductor based
on the control signal, to a magnetically susceptible fluid located within a housing of the
power tool. The power tool includes a motor including a rotor and a stator. The rotor is

coupled to a drive mechanism to produce an output.
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[0005] In one embodiment, a communication system is provided that includes an external
device and a power tool. The external device includes a first wireless communication
controller and a display. The display is configured to receive a selection of at least one
parameter. The power tool includes a second wireless communication controller configured
to receive the at least one parameter from the first wireless communication controller. The
power tool further includes a housing and a motor within the housing. The motor includes a
rotor and a stator, and the rotor is coupled to a drive mechanism to produce an output. The
power tool further includes a magnetically susceptible fluid located within the housing. The
power tool further includes an inductor within the housing and configured to introduce a
magnetic field to the magnetically susceptible fluid. The power tool further includes a sensor
configured to determine an amount of vibration experienced by the power tool. The power
tool further includes an electronic processor coupled to the sensor and to the inductor. The
electronic processor is configured to receive an input signal from the sensor indicating the
amount of vibration, to generate a control signal based on the input signal, and to provide the

control signal to the inductor to control the magnetic field.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 illustrates a communication system according to one embodiment of the

invention.
[0007] FIG. 2 illustrates a power tool of the communication system.
[0008] FIGS. 3A-B illustrate a schematic diagram of the power tool.

[0009] FIG. 4A illustrates a schematic diagram of an external device of the

communication system.

[0010] FIG. 4B illustrates an exemplary screenshot of a user interface of the external

device of the communication system.

[0011] FIGS. 5A-5D illustrate exemplary locations of magnetically susceptible fluid

within the power tool according to some embodiments.

[0012] FIG. 6 illustrates a flowchart of an exemplary implementation of a vibration

reduction method on the power tool.
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[0013] FIGS. 7A-7C illustrate the magnetically susceptible fluid located in a tube

according to one exemplary embodiment.
DETAILED DESCRIPTION

[0014] 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.

[0015] 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.

[0016] FIG. 1 illustrates a communication system 100. The communication system 100
includes a power tool 104 (i.e., a reciprocating saw) and an external device 108. The power
tool 104 and the external device 108 can communicate wirelessly while they are within a
communication range of each other. The power tool 104 may communicate power tool status,

power tool operation statistics, power tool identification, stored power tool usage information,
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power tool maintenance data, and the like to the external device 108. 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). The external device 108
also allows a user to set operational parameters, safety parameters, select tool modes, and the

like for the power tool 104.

[0017] The external device 108 may be, for example, a smart phone (as illustrated), a
laptop computer, a tablet computer, a personal digital assistant (PDA), or another electronic
device capable of communicating wirelessly with the power tool 104 and providing a user
interface. The external device 108 provides a user interface and allows a user to access and
interact with tool information. For instance, 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 (for example, see FIG. 4B).

[0018] The external device 108 includes a communication interface that is compatible
with a wireless communication interface or module of the power tool 104. The
communication interface of the external device 108 may include a wireless communication
controller (e.g., a Bluetooth® module), or a similar component as shown, for example, in FIG.
4A. In some embodiments, the external device 108 and the power tool 104 communicate via

a wired connection, such as a serial data bus.

[0019] In addition, with reference to FIG. 1, the external device 108 can also share the
information obtained from the power tool 104 with a remote server 112 connected by a
network 114. The remote server 112 may be used to store the data obtained from the external
device 108, provide additional functionality and services to the user, or a combination thereof.
In one embodiment, storing the information on the remote server 112 allows a user to access
the information from a plurality of different locations. 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

4
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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. The network 114 may
include various networking elements (routers, hubs, switches, cellular towers, wired
connections, wireless connections, etc.) for connecting to, for example, the Internet, a cellular
data network, a local network, or a combination thereof. 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.

[0020] FIG. 2 illustrates the power tool 104 as a reciprocating saw. Although FIGS. 1
and 2 illustrate the power tool 104 as a reciprocating sabre saw, it is to be understood that
various embodiments described herein may be implemented on other types of reciprocating
saws including, but not limited to, jigsaws, scroll saws, and rotary reciprocating saws.
Furthermore, it is to be understood that various embodiments described herein may be
implemented on other power tools that vibrate when operated, including, but not limited to,

drill/drivers, impact drivers, impact wrenches, and rotary hammers.

[0021] The power tool 104 defines a longitudinal axis A. The power tool 104 generally
includes a shoe assembly 12, a main body 14 having a motor 214 provided with power via an
electric cord (an AC version), a battery pack (a DC version) or a source of compressed air (a
pneumatic version). A drive mechanism 44 converts rotational motion of the motor 214 to
reciprocating motion of a reciprocating spindle 18 to reciprocate a saw blade 20 in a direction
substantially parallel to the longitudinal axis A of the power tool 104. The power tool 104
also includes a handle assembly 22 positioned at a distal end of the main body 14 opposite
the shoe assembly 12. The handle assembly 22 includes a grip portion 24 and a trigger 212
adjacent the grip portion 24 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 24,
for example, with an index finger. The power tool 104 further includes 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, which are described in greater detail below.

[0022] The shoe assembly 12 includes a shoe post 28 and a shoe 30. The shoe 30 is
pivotally mounted on a distal end of the shoe post 28 away from the main body 14. In other
constructions, the shoe 30 may be fixedly mounted to the shoe post 28, or mounted in other

suitable ways. In other constructions, other types of shoe assemblies may be employed. The
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shoe assembly 12 is secured relative to the main body 14 of the power tool 104 and provides
a guiding surface 46 for resting the power tool 104 against a workpiece (not shown) during
cutting operations. The shoe assembly 12 includes the longitudinally-extending shoe post 28,
extending substantially parallel to the longitudinal axis A of the power tool 104, which is at
least partially disposed within an orifice of the main body 14 of the power tool 104. The shoe
post 28 is axially movable relative to the main body 14 of the power tool 104 in a direction
substantially parallel to the axis A and includes a locking mechanism 32 for stabilizing the
shoe assembly 12 in one of a plurality of axial positions relative to the main body 14. For
example, the locking mechanism 32 may include a ball detent system. In other constructions,
other suitable types of locking mechanisms may be employed, such as magnets, cams, other

types of detent mechanisms, etc.

[0023] FIG. 3A illustrates a schematic diagram of the power tool 104 including the motor
214. The motor 214 actuates the drive mechanism 44 as explained previously herein. A
primary power source (e.g., a battery pack) 205 couples to the power tool 104 and provides
electrical power to energize the motor 214. The motor 214 is energized based on the position
of the trigger 212. When the trigger 212 is depressed, the motor 214 is energized, and when
the trigger 212 is released, the motor 214 is de-energized. In the illustrated embodiment, the
trigger 212 extends partially down a length of the handle assembly 22; however, in other
embodiments the trigger 212 extends down the entire length of the handle assembly 22 or
may be positioned elsewhere on the reciprocating saw 204. The trigger 212 is moveably
coupled to the handle assembly 22 such that the trigger 212 moves with respect to the tool
housing. The trigger 212 is coupled to a push rod, which is engageable with a trigger switch
213 (see FIG. 3A). The trigger 212 moves in a first direction towards the handle assembly 22
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 assembly 22, when the trigger

212 is released by the user.

[0024] When the trigger 212 is depressed by the user, the push rod activates the trigger
switch 213, and when the trigger 212 is released by the user, the trigger switch 213 is
deactivated. In other embodiments, the trigger 212 is coupled to an electrical trigger switch
213. In such embodiments, the trigger switch 213 may include, for example, a transistor.
Additionally, for such electronic embodiments, the trigger 212 may not include a push rod to

activate the mechanical switch. Rather, the electrical trigger switch 213 may be activated by,
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for example, a position sensor (e.g., a Hall-Effect sensor) that relays information about the
relative position of the trigger 212 to the tool housing or electrical trigger switch 213. The
trigger switch 213 outputs a signal indicative of the position of the trigger 212. In some
instances, the signal is binary and indicates either that the trigger 212 is depressed or released.
In other instances, the signal indicates the position of the trigger 212 with more precision.
For example, the trigger switch 213 may output an analog signal that varies from 0 to 5 volts
depending on the extent that the trigger 212 is depressed. For example, 0 V output indicates
that the trigger 212 is released, 1 V output indicates that the trigger 212 is 20% depressed, 2
V output indicates that the trigger 212 is 40% depressed, 3 V output indicates that the trigger
212 is 60% depressed 4 V output indicates that the trigger 212 is 80% depressed, and 5 V
indicates that the trigger 212 is 100% depressed. The signal output by the trigger switch 213

may be analog or digital.

[0025] As shown in FIG. 3A, the power tool 104 also includes the power source 205, a
switching network 216, sensors 218, indicators 220, a power input unit 224, a controller 226,
a wireless communication controller 250, and a back-up power source 252. The power
source 205 provides power to the power input unit 224. The power input unit 224 includes
active and/or passive components (e.g., voltage step-down controllers, voltage converters,
rectifiers, filters, etc.) to regulate or control the power received from the power source 205

and by the wireless communication controller 250 and controller 226.

[0026] In some embodiments, the power tool 104 includes a battery pack interface (not
shown). In such embodiments, the battery pack interface is coupled to the controller 226 and
couples to a battery pack. The battery pack interface includes a combination of mechanical
and electrical components configured to and operable for interfacing (e.g., mechanically,
electrically, and communicatively connecting) the power tool 104 with the battery pack. The
battery pack interface is coupled to the power input unit 224. The battery pack interface

transmits the power received from the battery pack to the power input unit 224,

[0027] The switching network 216 enables the controller 226 to control the operation of
the motor 214. Generally, when the trigger 212 is depressed as indicated by an output of the
trigger switch 213, 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.
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[0028] In response to the controller 226 receiving the activation signal from the trigger
switch 213, the controller 226 activates the switching network 216 to provide power to the
motor 214. The switching network 216 controls the amount of current available to the motor
214 and thereby controls the speed and torque output of the motor 214. The switching
network 216 may include numerous FETs, bipolar transistors, or other types of electrical
switches. For instance, the switching network 216 may include a six-FET bridge that
receives pulse-width modulated (PWM) signals from the controller 226 to drive the motor
214.

[0029] The sensors 218 are coupled to the controller 226 and communicate to the
controller 226 various signals indicative of different parameters of the power tool 104 or the
motor 214. The sensors 218 may include Hall sensors 218a, current sensors 218b, vibration
sensors 218c, distance sensors 218d, shoe contact sensors 218e, among other sensors, such as,
for example, one or more voltage sensors, one or more temperature sensors, and one or more
torque sensors. The controller 226 can monitor the current drawn by the motor 214 using
current sensor 218b. Vibration sensor 218¢ may be an accelerometer that can determine the
vibration experienced by the power tool 104. The distance sensor 218d may be an induction
sensor that determines the distance between the material being cut and the shoe 30.
Additionally, the shoe contact sensor 218e may be an induction sensor that determines

whether material is contacting the shoe 30.

[0030] Each Hall sensor 218a outputs motor feedback information to the controller 226,
such as an indication (e.g., a pulse) when a magnet of the motor’s rotor rotates across the face
of that Hall sensor. Based on the motor feedback information from the Hall sensors 218a, the
controller 226 can determine the position, velocity, and acceleration of the rotor. In response
to the motor feedback information and the signals from the trigger switch 213, the controller
226 transmits control signals to control the switching network 216 to drive the motor 214.
For instance, by selectively enabling and disabling the FETs of the switching network 216,
power received via the power source 205 is selectively applied to stator coils of the motor
214 to cause rotation of its rotor. The motor feedback information is used by the controller
226 to ensure proper timing of control signals to the switching network 216 and, in some
instances, to provide closed-loop feedback to control the speed of the motor 214 to be at a

desired level.
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[0031] The indicators 220 are also coupled to the controller 226 and receive control
signals from the controller 226 to turn on and off or otherwise convey information based on
different states of the power tool 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, the mode of the power tool (discussed below), etc. The
indicators 220 may also include elements to convey information to a user through audible or

tactile outputs.

[0032] As described above, the controller 226 is electrically and/or communicatively
connected to a variety of modules or components of the power tool 104. In some
embodiments, the controller 226 includes a plurality of electrical and electronic components
that provide power, operational control, and protection to the components and modules within
the controller 226 and/or power tool 104. For example, the controller 226 includes, among
other things, a processing unit 230 (e.g., a microprocessor, a microcontroller, or another
suitable programmable device), a memory 232, input units 234, and output units 236. The
processing unit 230 (herein, electronic processor 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. 3A). In some embodiments, the controller 226 is implemented
partially or entirely on a semiconductor (e.g., a field-programmable gate array [“FPGA™]
semiconductor) chip, such as a chip developed through a register transfer level (“RTL”)

design process.

[0033] The memory 232 includes, for example, a program storage area and a data
storage area. The program storage area and the data storage area can include combinations of
different types of memory, such as read-only memory (“ROM?”), random access memory
(“RAM”) (e.g., dynamic RAM [“DRAM?”], synchronous DRAM [“SDRAM™], etc.),
electrically erasable programmable read-only memory (“EEPROM?), flash memory, a hard
disk, an SD card, or other suitable magnetic, optical, physical, or electronic memory devices.
The electronic processor 230 is connected to the memory 232 and executes software
instructions that are capable of being stored in a RAM of the memory 232 (e.g., during
execution), a ROM of the memory 232 (e.g., on a generally permanent basis), or another non-

transitory computer readable medium such as another memory or a disc. Software included
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in the implementation of the power tool 104 can be stored in the memory 232 of the
controller 226. The software includes, for example, firmware, one or more applications,
program data, filters, rules, one or more program modules, and other executable instructions.
The electronic processor 230 is configured to retrieve from memory and execute, among
other things, instructions related to the control processes and methods described herein. The
electronic processor 230 is also configured to store power tool information on the memory
232 including operational data, information identifying the type of tool, a unique identifier
for the particular tool, and other information relevant to operating or maintaining the power
tool 104. The tool usage information, such as current levels, motor speed, motor acceleration,
motor direction, may be captured or inferred from data output by the sensors 218. Such
power tool information may then be accessed by a user with the external device 108. In other

constructions, the controller 226 includes additional, fewer, or different components.

[0034] The wireless communication controller 250 is coupled to the controller 226. In
the illustrated embodiment, the wireless communication controller 250 is located near the
handle assembly 22 of the power tool 104 to save space and ensure that the magnetic activity
of the motor 214 does not affect the wireless communication between the power tool 104 and

the external device 108.

[0035] As shown in FIG. 3B, the wireless communication controller 250 includes a radio
transceiver and antenna 254, a memory 256, an electronic processor 258, and a real-time
clock (RTC) 260. The radio transceiver and antenna 254 operate together to send and receive
wireless messages to and from the 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 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 controller 226,
and determines the communication protocol and /or settings to use in wireless

communications.

[0036] 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

10



WO 2017/120165 PCT/US2017/012093

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, a proprietary protocol, etc.) over different type of wireless networks. 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). 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 and the server 112 from third parties.

[0037] The wireless communication controller 250 is configured to receive data from the
power tool controller 226 and relay the information to the external device 108 via the
transceiver and antenna 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 transceiver and antenna 254 and relay the information to the

power tool controller 226.

[0038] The RTC 260 increments and keeps time independently of the other power tool
components. The RTC 260 receives power from the power source 205 when the power
source 205 is connected to the power tool 104 and receives power from the back-up power
source 252 when the power source 205 is not connected to the power tool 104. Having the
RTC 260 as an independently powered clock enables time stamping of operational data
(stored in memory 232 for later export) and a security feature whereby a lockout time is set
by a user and the tool is locked-out when the time of the RTC 260 exceeds the set lockout

time.

[0039] The power tool 104 operates in various modes. Each mode enables different
features to be executed by the power tool 104 and facilitates certain applications for the user.
The current operational mode of the power tool 104 is selected by the user for instance, using
the mode pad 208. For example, with respect to FIG. 3A, the mode pad 208 includes a mode
selector push button 290 and mode indicators 296a-e. By depressing the mode selector push
button 290, the electronic processor 230 cycles between modes of the power tool 104. The
electronic processor 230 also controls the mode indicators 296a-e to illuminate in a certain

manner to indicate the current mode.

11
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[0040] FIG. 4A illustrates a schematic diagram of an exemplary external device 108
according to one embodiment. The external device 108 includes a controller 402 that
includes an electronic processor 405 and a memory 410. The external device 108 also
includes a wireless communication controller 415 and a display 420. In some embodiments,
the controller 402, the electronic processor 405, the memory 410, and the wireless
communication controller 415 are similar to the corresponding components of the power tool
104 described above with respect to FIGS. 3A and 3B and perform similar functions. In
some embodiments, the external device 108 may include fewer or additional components in
configurations different from that illustrated in FIG. 4A. For example, in some embodiments,
the external device 108 also includes a camera, a location component (for example, a global
positioning system receiver), a microphone, and a speaker. In some embodiments, the
display 420 is a touch-sensitive display that includes both a display device (for example, a
liquid crystal display (LCD) screen panel) and a user input device (for example, the touch-

sensitive component that detects contact by a stylus or finger).

[0041] As mentioned above, the power tool 104 can communicate with the external
device 108. The external device 108 generates a graphical user interface on the display 420
that receives various control parameters from a user. The graphical user interface presents a
mode profile to the user. The mode profile includes a select set of parameters, each with
manipulatable selectors (e.g., toggles, sliders, or text boxes). For example, a first mode
profile may include a motor speed parameter and a work light parameter. The first mode
profile further defines specific parameter values for the motor speed and a brightness for the
work light. The graphical user interface on the display 420 receives selections from a user
specifying the parameter values for parameters of the mode profile. The parameters may be
specified as binary values (e.g., on or off), as absolute values (e.g., 1500 RPM or 15
revolutions), as percentages (e.g., 75% of maximum RPM), or using another scale (e.g.,
sensitivity level) that the electronic processor 230 can convert into absolute values for
controlling the operation of the power tool 104. The parameters set by the user on the

graphical user interface are transmitted by the external device 108 to the power tool 104.

[0042] FIG. 4B illustrates an exemplary screenshot of a graphical user interface 425
generated on the display 420 by the electronic processor 405 of the external device 108 in
communication with the power tool 104. The external device 108 can, in some embodiments,

be used to program the operation of the power tool 104. For example, as shown in FIG. 4B,

12
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the external device 108 can generate the graphical user interface 425 including a plurality of
selectors (e.g., slider 430 and toggle 435) configured to receive user selections to specify
parameter values. For example, the user may select a desired sensitivity level of a vibration
control feature and whether to implement the vibration control feature. The graphical user
interface 425 is merely exemplary and more or fewer adjustable parameters may be provided
on the graphical user interface 425. After the user sets the parameters, the external device

108 transmits the parameters to the power tool 104 to implement during operation.

[0043] Referring back to FIG. 3A, the power tool 104 also includes at least one inductor
285 surrounded by or adjacent to a volume of magnetically susceptible fluid 288. In some
embodiments, the magnetically susceptible fluid is a magneto-rheological (MR) fluid 702 that
includes micron-sized magnetizable particles 705 in a carrier fluid 710 (for example, as
shown in FIGS. 7A-7C). In FIGS. 7A-7C, the MR fluid 702 is located in a tube (for example,
meandering tube system 535 explained in greater detail below with respect to FIG. 5D). In
some embodiments, the MR fluid 702 changes from a free-flowing liquid to a semi-solid with
controllable yield strength based on a strength of a magnetic field applied to the MR fluid 702
by the inductor 285. For example, in FIG. 7A when the inductor 285 does not apply a
magnetic field to the MR fluid 702, the MR fluid 702 is a free-flowing liquid because
movement of the particles 705 is not restricted by a magnetic field. In FIG. 7B, the inductor
285 applies a magnetic field 715 to the MR fluid 702 and causes the particles 705 to at least
partially align with the direction of the magnetic field 715. Accordingly, the movement of
the MR fluid 702 is restricted in proportion to the strength of the magnetic field 715. In FIG.
7C, the inductor 285 applies a magnetic field 720 that is stronger than the magnetic field 715.
Accordingly, as shown in FIG. 7C, the particles 705 further align with the direction of the
magnetic field 720 and restrict movement in proportion to the strength of the magnetic field
720. In some embodiments, a yield stress (in other words, the stress at which a material
begins to deform) of the MR fluid 702 increases proportionally as the strength of the
magnetic field applied to the MR fluid 702 increases.

[0044] In some embodiments, the magnetically susceptible fluid 288 may be located in
the handle assembly 22, the gear case (not shown), and/or other locations inside the housing
of the power tool 104. FIGS. 5A-5D show exemplary locations of magnetically susceptible
fluid 288 within the power tool 104. In general, each location of magnetically susceptible

fluid 288 has an inductor 285 located proximally to the magnetically susceptible fluid 288.
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FIG. 5A illustrates a first location 505, a second location 510, and a third location 515 where
magnetically susceptible fluid 288 may be located within the power tool 104. The power tool
104 may include magnetically susceptible fluid 288 in any combination of the first location
505, the second location 510, and the third location 515. Additionally or alternatively, the
power tool 104 may include magnetically susceptible fluid 288 in other locations inside the

power tool 104,

[0045] FIG. 5B illustrates the magnetically susceptible fluid 288 at the first location 505
in greater detail and with a portion of the power tool 104 cut away. A first piston 517 may be
placed in a first reservoir 520 of magnetically susceptible fluid 288 in between two parts of
the power tool 104 (e.g., the handle assembly 22 and the main body 14). In some
embodiments, the first piston 517 is the sole connection between the handle assembly 22 and
the main body 14 of the power tool 104. For example, in FIG. 5B, the first piston 517 has a
first end connected to the main body 14 and a second end in the first reservoir 520. The first
reservoir 520 is then connected to the handle 27. For example, the first piston 517 and the
first reservoir 520 may be coupled to an interior of the housing of the power tool 104 using a
fastener and a flange. As another example, the interior of the tool housing may include cut-
outs or compartments for holding the first piston 517 and the first reservoir 520. Thus, the
handle assembly 22 may be isolated from the main body 14 of the power tool 104 through the
first reservoir 520 of magnetically susceptible fluid 288. As illustrated by the arrow in FIG.
5B, the first piston 517 may move within the first reservoir 520 along the longitudinal axis A
of the power tool 104. In some embodiments, the first piston 517 may move in additional or
alternate directions. For example, the first piston 517 may move vertically on an axis
perpendicular to the longitudinal axis A and/or horizontally on an axis perpendicular to the
longitudinal axis A (i.e., in and out of the page). Although FIG. 5B shows the first piston 517
coupled to the main body 14 and the first reservoir 520 coupled to the handle assembly 22, in
some embodiments, the first piston 517 and the first reservoir 520 may be coupled to opposite
parts of the power tool 104. In other words, in some embodiments, the first piston 517 is
coupled to the handle assembly 22 and the first reservoir 520 is coupled to the main body 14.
Although not shown in FIG. 5B, a similar piston and reservoir of magnetically susceptible
fluid 288 may be located at the third location 515 of the power tool 104 between the handle
assembly 22 and the main body 14.
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[0046] FIG. 5C illustrates the magnetically susceptible fluid 288 at the second location
510 in greater detail and with a portion of the power tool 104 cut away. A second piston 525
may be placed in a second reservoir 530 of magnetically susceptible fluid 288 in between the
shoe 30 and the main body 14 of the power tool 104. In some embodiments, the second
piston 525 is the sole connection between the shoe 30 and the main body 14 of the power tool
104. For example, in FIG. 5C, the second piston 525 has a first end connected to the shoe 30
and a second end in the second reservoir 530. The second reservoir 530 is then connected to
the main body 14. For example, the second piston 525 and the second reservoir 530 may be
coupled to an interior of the housing of the power tool 104 or to the shoe 30 using a fastener
and a flange. As another example, the interior of the tool housing may include cut-outs or
compartments for holding the second piston 525 and the second reservoir 530. Thus, the
shoe 30 may be isolated from the main body 14 of the power tool 104 through the second
reservoir 530 of magnetically susceptible fluid 288. As illustrated by the arrow in FIG. 5C,
the second piston 525 may move within the second reservoir 530 along the longitudinal axis
A of the power tool 104. In some embodiments, the second piston 525 may move in
additional or alternate directions. For example, the second piston 525 may move vertically
on an axis perpendicular to the longitudinal axis A and/or horizontally on an axis
perpendicular to the longitudinal axis A (i.e., in and out of the page). Although FIG. 5C
shows the second piston 525 coupled to the shoe 30 and the second reservoir 530 coupled to
the main body 14, in some embodiments, the second piston 525 and the second reservoir 530
may be coupled to opposite parts of the power tool 104. In other words, in some
embodiments, the second piston 525 is coupled to the main body 14 and the second reservoir

530 is coupled to the shoe 30.

[0047] FIG. 5D illustrates a fourth location of the magnetically susceptible fluid 288
inside the power tool 104. As shown in FIG. 5D, in some embodiments, a meandering tube
system 535 located within the handle assembly 22 or gear case (not shown) may include
magnetically susceptible fluid 288. In other words, the meandering tube system 535 includes
a tube, such as illustrated, that contains the magnetically susceptible fluid 288. In some
embodiments, the meandering tube system 535 includes at least two bends where the
longitudinal axis of the meandering tube changes direction. For example, as illustrated in
FIG. 5D, the meandering tube system 535 includes several bends 537. In some embodiments,
the meandering tube system 535 includes at least five bends, at least ten bends, at least fifteen

bends, any range between two and twenty bends, or more bends. In some embodiments, the

15



WO 2017/120165 PCT/US2017/012093

meandering tube system 535 includes a tube that has a length longer than its radius (for
example, at least five, ten, fifteen, twenty five, fifty, or more times longer than its radius). In
some embodiments, the meandering tube system 535 is flexible such that a person can bend
or position the meandering tube system 535 within compartments in the housing of the power

tool 104 as shown in FIG. 5D.

[0048] The meandering tube system 535 shown in FIG. 5D is merely exemplary. In some
embodiments, the location and orientation of the meandering tube system 535 within the
power tool 104 may be different. Furthermore, in some embodiments multiple meandering
tube systems 535 may be used in one or more locations within the power tool 104. The
meandering tube system 535 may be used with any combination of the pistons and reservoirs
of magnetically susceptible fluid 288 discussed above. In other words, the power tool 104
may include both one of the piston and reservoirs embodiments as well as the meandering
tube system 535, each associated with a separate inductor 185 that is separately controllable
by the electronic processor 230. In some embodiments, the meandering tube system 535 may
be coupled to an interior of the housing of the power tool 104 using fasteners and flanges. In
some embodiments, the interior of the tool housing may include cut-outs or compartments for

holding the meandering tube system 535.

[0049] The magnetically susceptible fluid 288 changes viscosity when introduced to
different magnetic fields (i.e., magnetic fields of different magnitudes and/or different angles).
The inductor 285 is controlled by the electronic processor 230 of the controller 226 to
introduce magnetic fields of predetermined magnitude to the magnetically susceptible fluid
288 based on input signals received from the sensors 218. Such magnetic fields vary the
viscosity of the magnetically susceptible fluid 288 to counteract and dissipate energy that
otherwise causes vibration. Thus, the vibration experienced by the reciprocating saw 204

during operation may be reduced or dampened.

[0050] In some embodiments, an output signal from one or more of the sensors 218 may
be transmitted directly to the inductor 285 to control the magnitude of the magnetic field

produced by the inductor 285.

[0051] The magnetic field provided by the inductor 285 allows the vibration control of
the power tool to be dynamically controlled based on a feedback signal that relates to

vibration experienced by the power tool. Thus, a user can set and adjust the amount of
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vibration control based on a specific application or specific use of the power tool. For
example, using the graphical user interface 425 on the external device 108, the user can select
whether to implement the vibration control feature as well as the sensitivity of the vibration

control feature.

[0052] In some embodiments, the meandering tube system 535 and the reservoirs 520 and
530 are closed circuit systems such that the magnetically susceptible fluid 288 does not enter

or exit the tube or reservoirs during operation thereof.

[0053] FIG. 6 illustrates a method 600 of dynamically adjusting the vibration control of
the power tool 104 according to one embodiment. At block 605, the wireless communication
controller 250 receives parameters of the vibration control feature from the external device
108. In some embodiments, the parameters are received and stored on the controller 226 at
the time of manufacture, rather than received via the external device 108 in the field. At
block 610, the electronic processor 230 of the controller 226 determines that the trigger 212
has been depressed and starts the motor 214. At block 615, the electronic processor 230
determines the vibration experienced by the power tool 104 using signals received by at least
one sensor 218. For example, the vibration sensor 218c sends a signal to the controller 226
that indicates a certain amount of vibration is being experienced by the power tool 104. At
block 620, the electronic processor 230 sends a signal to the inductor 285 to produce a
magnetic field to vary the viscosity of the magnetically susceptible fluid 288 based on the
vibration detected by the determination of block 615.

[0054] For example, in the embodiments illustrated in FIGS. 5B and 5C (i.e., piston in a
reservoir), as detected vibration levels increase, the magnetic field produced by the inductor
285 may cause the viscosity of the magnetically susceptible fluid 288 to become more or less
viscous such that the magnetically susceptible fluid 288 is better able to absorb vibration
experienced by the power tool 104. In other embodiments, such as the embodiment
illustrated in FIG. 5D (i.e., meandering tube system), as detected vibration levels increase, the
magnetic field produced by the inductor 285 may cause the viscosity of the magnetically
susceptible fluid 288 to become more viscous such that the corresponding part of the power
tool 104 becomes more rigid and more difficult to flex. In some embodiments, the electronic
processor 230 may control the inductor 285 to provide a magnetic field to the magnetically
susceptible fluid by default (for example, when no vibration is detected or vibration is below

alow threshold). In some embodiments, by default, the electronic processor 230 controls the
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inductor 285 to not produce a magnetic field (for example, as shown in FIG. 7A), to produce
some magnetic field (for example, as shown in FIG. 7B, or to produce a stronger magnetic
field (for example, as shown in FIG. 7C). Applying a magnetic field by default such as
shown in FIG. 7B allows the viscosity of the magnetically susceptible fluid to be adjusted to
be more viscous (for example, as shown in FIG. 7C) or less viscous (for example, as shown

in FIG. 7A) by increasing or decreasing the strength of the magnetic field, respectively.

[0055] In some embodiments, the electronic processor 230 sends a signal to the inductor
285 that is proportional to the signal received from the vibration sensor 218c¢. In such
embodiments, as the vibration experienced by the power tool 104 increases, the viscosity of
the magnetically susceptible fluid 288 increases or decreases by a proportionate amount when
the magnetically susceptible fluid 288 is located in a reservoir that houses a piston, and
increases by a proportionate amount when the magnetically susceptible fluid 288 is located in

a meandering tube system.

[0056] The specified sensitivity (e.g., set via the graphical user interface 425) may adjust
a vibration threshold that indicates the vibration level to be experienced by the power tool
104 before the inductor 285 is controlled to dampen vibration. Additionally, the specified
sensitivity may adjust the aggressiveness of the dampening control (i.e., the relationship
between the vibration experienced by the power tool 104 and the control signal sent to the
inductor 285 from the electronic processor 230). In some embodiments, the specified
sensitivity can adjust both the vibration threshold and the aggressiveness of the dampening
control. Furthermore, in some embodiments, the graphical user interface 425 may have a
separate sensitivity parameter for each of the vibration threshold and the aggressiveness of
the dampening control. As shown in FIG. 6, after the electronic processor 230 sends the
signal to the inductor 285, the method 600 proceeds back to block 615 to continue
determining the vibration experienced by the power tool 104. Thus, the magnetic field
produced by the inductor 285, and, in turn, the viscosity of the magnetically susceptible fluid

288, is varied depending on the amount of vibration experienced by the power tool 104,

[0057] Thus, the invention provides, among other things, a power tool with a dynamic

vibration reduction feature that varies based on the vibration experienced by the power tool.
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CLAIMS
We claim:

1. A power tool comprising:

a housing;

a motor within the housing, wherein the motor includes a rotor and a stator and the
rotor is coupled to a drive mechanism to produce an output;

a magnetically susceptible fluid located within the housing;

an inductor within the housing and configured to introduce a magnetic field to the
magnetically susceptible fluid;

a sensor configured to indicate an amount of vibration experienced by the power tool;
and

an electronic processor coupled to the sensor and to the inductor, the electronic
processor configured to receive an input signal from the sensor indicating the amount of
vibration, to generate a control signal based on the input signal, and to provide the control

signal to the inductor to control the magnetic field.

2. The power tool of claim 1, wherein the magnetically susceptible fluid is located in a
reservoir, and further comprising;

a piston including a first end located in the reservoir, wherein the reservoir and a
second end of the piston are coupled between a handle assembly of the power tool and a main

body of the power tool.

3. The power tool of claim 1, wherein the magnetically susceptible fluid is located in a
reservoir, and further comprising;

a piston including a first end located in the reservoir, wherein the reservoir and a
second end of the piston are coupled between a shoe of the power tool and a main body of the

power tool.
4, The power tool of claim 1, wherein the magnetically susceptible fluid is located in a

meandering tube system located within at least one of the group consisting of a handle

assembly of the power tool and a gear case of the power tool.
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5. The power tool of claim 1, wherein the magnetically susceptible fluid becomes more

viscous when the inductor introduces the magnetic field to the magnetically susceptible fluid.

6. The power tool of claim 1, wherein the power tool is one of the group consisting of a

reciprocating saw, an impact driver, an impact wrench, and a rotary hammer.

7. The power tool of claim 1, wherein the electronic processor is configured to provide
the control signal to the inductor based on at least one parameter received from an external

device.

8. The power tool of claim 7, wherein the external device receives a selection of the at

least one parameter via a graphical user interface on the external device.

9. The power tool of claim 7, wherein the at least one parameter includes at least one of
the group consisting of an indication of whether to implement a vibration control feature and

a sensitivity level of the vibration control feature.

10. A method of reducing vibration experienced by a power tool, the method comprising:

generating, with a sensor, an input signal indicating an amount of vibration
experienced by the power tool;

receiving, with an electronic processor from the sensor, the input signal;

generating, with the electronic processor, a control signal based on the input signal;

transmitting the control signal from the electronic processor to an inductor; and

introducing a magnetic field, with the inductor based on the control signal, to a
magnetically susceptible fluid located within a housing of the power tool, the power tool
including a motor including a rotor and a stator, the rotor being coupled to a drive mechanism

to produce an output.
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11. The method of claim 10, wherein introducing the magnetic field, with the inductor
based on the control signal, to the magnetically susceptible fluid includes introducing the
magnetic field to a reservoir holding the magnetically susceptible fluid, the reservoir
including a first end of a piston located in the reservoir, the reservoir and a second end of the
piston being coupled between a handle assembly of the power tool and a main body of the

power tool.

12. The method of claim 10, wherein introducing the magnetic field, with the inductor
based on the control signal, to the magnetically susceptible fluid includes introducing the
magnetic field to a reservoir holding the magnetically susceptible fluid, the reservoir
including a first end of a piston located in the reservoir, the reservoir and a second end of the

piston being coupled between a shoe of the power tool and a main body of the power tool.

13. The method of claim 10, wherein introducing the magnetic field, with the inductor
based on the control signal, to the magnetically susceptible fluid includes introducing the
magnetic field to a meandering tube system holding the magnetically susceptible fluid, the
meandering tube system being located within at least one of the group consisting of a handle

assembly of the power tool and a gear case of the power tool.

14. The method of claim 10, wherein introducing the magnetic field, with the inductor
based on the control signal, to the magnetically susceptible fluid includes introducing the

magnetic field such that the magnetically susceptible fluid becomes more viscous.

15. The method of claim 10, wherein the power tool is one of the group consisting of a

reciprocating saw, an impact driver, an impact wrench, and a rotary hammer.
16. The method of claim 10, wherein generating, with the electronic processor, the
control signal based on the input signal includes generating the control signal based on at

least one parameter received from an external device.

17. The method of claim 16 further comprising receiving, with a graphical user interface

on the external device, a selection of the at least one parameter.
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18. The method of claim 16, wherein the at least one parameter is at least one of the group
consisting of an indication of whether to implement a vibration control feature and a

sensitivity level of the vibration control feature.

19. A communication system comprising:
an external device including a first wireless communication controller and a display,
wherein the display is configured to receive a selection of at least one parameter;
a power tool including
a second wireless communication controller configured to receive the at least
one parameter from the first wireless communication controller;
a housing;
a motor within the housing, wherein the motor includes a rotor and a stator
and the rotor is coupled to a drive mechanism to produce an output;
a magnetically susceptible fluid located within the housing;
an inductor within the housing and configured to introduce a magnetic field to
the magnetically susceptible fluid;
a sensor configured to determine an amount of vibration experienced by the
power tool; and
an electronic processor coupled to the sensor and to the inductor, the
electronic processor configured to receive an input signal from the sensor indicating
the amount of vibration, to generate a control signal based on the input signal, and to

provide the control signal to the inductor to control the magnetic field.
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20. The communication system of claim 19, further comprising at least one of the group
consisting of:

a first piston including a first end located in a first reservoir that holds the
magnetically susceptible fluid, wherein the first reservoir and a second end of the first piston
are coupled between a handle assembly of the power tool and a main body of the power tool;

a second piston including a first end located in a second reservoir that holds the
magnetically susceptible fluid, wherein the second reservoir and a second end of the second
piston are coupled between a shoe of the power tool and the main body of the power tool; and

a meandering tube system that holds the magnetically susceptible fluid, wherein the
meandering tube system is located within at least one of the group consisting of the handle

assembly of the power tool and a gear case of the power tool.
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