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IMPACT TOOL

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to co-pending U.S. Provisional Patent Application
No. 62/807,125, filed February 18, 2019, the entire content of which is incorporated herein

by reference.
FIELD OF THE INVENTION
[0002] The present invention relates to power tools, and more specifically to impact tools.
BACKGROUND OF THE INVENTION

[0003] Impact tools or wrenches are typically utilized to provide a striking rotational
force, or intermittent applications of torque, to a tool element or workpiece (e.g., a fastener)
to either tighten or loosen the fastener. As such, impact wrenches are typically used to loosen
or remove stuck fasteners (e.g., an automobile lug nut on an axle stud) that are otherwise not

removable or very difficult to remove using hand tools.
SUMMARY OF THE INVENTION

[0004] The present invention provides, in one aspect, an impact tool includinga housing,
an electric motor supported within the housing and having a motor shaft, and a drive
assembly configured to convert a continuous rotational input from the motor shaft to
consecutive rotational impacts upon a workpiece. The drive assembly includes a camshaft
having a front portion and a rear portion. The rear portion is closer to the electric motor than
the front portion. The impact tool also includes a gear assembly coupled between the motor
shaft and the drive assembly, the gear assembly including a ring gear that is rotationally and
radially fixed relative to the housing and a plurality of planet gears meshed with the ring gear.
Each of the plurality of planet gears is coupled to the rear portion of the camshaft, and a line
of action of a radial load exerted by the rear portion of the camshaft on the housing passes

through one of the plurality of planet gears and the ring gear.

[0005] The present invention provides, in another aspect, an impact tool including a
housing with a front housing, a motor housing portion, and a support coupled between the
front housing and the motor housing portion. The support includes an annular wall defining a

recess. The impact tool also includes an electric motor positioned at least partially within the
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motor housing portion and having a motor shaft extending through the support, and a drive
assembly configured to convert a continuous rotational input from the motor shaft to
consecutive rotational impacts upon a workpiece. The drive assembly includes a camshaft
having a front portion and a rear portion, the rear portion being closer to the electric motor
than the front portion. The impact tool also includes a gear assembly coupled between the
motor shaft and the drive assembly, the gear assembly including a ring gear press-fit within
the recess such that the ring gear is rotationally and radially fixed to the housing, and a
plurality of planet gears meshed with the ring gear. Each of the plurality of planet gears is

coupled to the rear portion of the camshaft.

[0006] The present invention provides, in another aspect, an impact tool including a
housing, an electric motor supported within the housing and having a motor shaft, and a drive
assembly configured to convert a continuous rotational input from the motor shaft to
consecutive rotational impacts upon a workpiece. The drive assembly includes a camshaft
having a front portion and a rear portion, the rear portion being closer to the electric motor
than the front portion, and the front portion including a cylindrical projection, an anvil
including a pilot bore in which the cylindrical projection is received, and a hammer
configured to reciprocate along the camshaft and to impart consecutive rotational impacts to
the anvil. The impact tool also includes a gear assembly coupled between the motor shaft
and the drive assembly, the gear assembly including a ring gear and a plurality of planet gears
coupled to the rear portion of the camshaft and meshed with the ring gear. The impact tool
also includes a bushing configured to rotationally support the anvil, the bushing having an
axial length. Engagement between the anvil and the cylindrical projection defines a rearmost
supported point of the anvil, and engagement between the bushing and the anvil defines a
forwardmost supported point of the anvil. An axial distance from the rearmost supported
point to the forwardmost supported point defines a total supported length of less than 4.25
inches. A ratio of the axial length of the bushing to the total supported length is between 0.5
and 0.9.

[0007] Other features and aspects of the invention will become apparent by consideration

of the following detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view of an impact wrench according to one embodiment.
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[0009] FIG. 2 is a cross-sectional view of the impact wrench of FIG. 1.

[0010] FIG. 2A is arear perspective view illustrating a motor assembly of the impact

wrench of FIG. 1.
[0011] FIG. 2B is a cross-sectional view of the motor assembly of FIG. 2A.
[0012] FIG. 2C is an exploded view of the motor assembly of FIG. 2A.

[0013] FIG. 2D is a partially exploded view of the motor assembly of FIG. 2A,

illustrating a PCB assembly exploded from the remainder of the motor assembly.

[0014] FIG. 2E is an enlarged cross-sectional view illustrating a front portion of the

impact wrench of FIG. 1.

[0015] FIG. 3 is a cross-sectional view illustrating a camshaft and gear assembly usable

with the impact wrench of FIG. 1.

[0016] FIG. 4 is a perspective view of the camshaft of FIG. 3 supporting a plurality of

planet gears of the gear assembly.
[0017] FIG. 5 is a perspective view illustrating a ring gear of the gear assembly of FIG. 3.

[0018] 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

limiting.
DETAILED DESCRIPTION

[0019] FIG. 1 illustrates a power tool in the form of an impact tool or impact wrench 10.
The impact wrench 10 includes a housing 14 with a motor housing 18, a front housing 22
coupled to the motor housing 18 (e.g., by a plurality of fasteners), and a generally D-shaped
handle portion 26 disposed rearward of the motor housing 18. The handle portion 26
includes a grip 27 that can be grasped by a user operating the impact wrench 10. The grip 27
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is spaced from the motor housing 18 such that an aperture 28 is defined between the grip 27
and the motor housing 18. In the illustrated embodiment, the handle portion 26 is defined by

cooperating clamshell halves, and the motor housing 18 is a unitary body.

[0020] With continued reference to FIG. 1, the impact wrench 10 has a battery pack 34
removably coupled to a battery receptacle 38 located at a bottom end of the handle portion
26. The battery pack 34 includes a housing 39 enclosing a plurality of battery cells (not
shown), which are electrically connected to provide the desired output (e.g., nominal voltage,
current capacity, etc.) of the battery pack 34. In some embodiments, each battery cell has a
nominal voltage between about 3 Volts (V) and about 5 V. The battery pack 34 preferably
has a nominal capacity of at least 5 Amp-hours (Ah) (e.g., with two strings of five series-
connected battery cells (a “582P” pack)). In some embodiments, the battery pack 34 has a
nominal capacity of at least 9 Ah (e.g., with three strings of five series-connected battery cells
(a “5S3P pack™). The illustrated battery pack 34 has a nominal output voltage of at least 18
V. The battery pack 34 is rechargeable, and the cells may have a Lithium-based chemistry

(e.g., Lithium, Lithium-ion, etc.) or any other suitable chemistry.

[0021] Referring to FIG. 2, a motor assembly 42 is supported by the motor housing 18
and receives power from the battery pack 34 (FIG. 1) when the battery pack 34 is coupled to
the battery receptacle 38. The illustrated motor assembly 42 includes an output shaft 44 that
is rotatable about an axis 46. A fan 48 is coupled to the output shaft 44 (e.g., via a splined

connection) adjacent a front end of the motor assembly 42.

[0022] Referring to FIG. 1, the illustrated impact wrench 10 further includes a second
handle 50 coupled to a second handle mount 52. The second handle 50 is a generally U-
shaped handle with a central grip portion 54, which may be covered by an elastomeric
overmold. The second handle mount 52 includes a band clamp 56 that surrounds the front
housing 22. The second handle mount 52 also includes an adjustment mechanism 58. The
adjustment mechanism 58 can be loosened to permit adjustment of the second handle 50. In
particular, the second handle 50 is rotatable about an axis 60 transverse to the axis 46 when
the adjustment mechanism 58 is loosened. In some embodiments, loosening the adjustment
mechanism 58 may also loosen the band clamp 56 to permit rotation of the second handle 50

and the second handle mount 52 about the axis 46.
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[0023] The impact wrench 10 includes a trigger switch 62 provided on the first handle 26
to selectively electrically connect the motor assembly 42 and the battery pack 34 and thereby
provide DC power to the motor assembly 42 (FIG. 2). In other embodiments, the impact
wrench 10 may include a power cord for electrically connecting the switch 62 and the motor
assembly 42 to a source of AC power. As a further alternative, the impact wrench 10 may be
configured to operate using a different power source (e.g., a pneumatic power source, etc.).
The battery pack 34 is the preferred means for powering the impact wrench 10, however,
because a cordless impact wrench advantageously requires less maintenance (e.g., no oiling
of air lines or compressor motor) and can be used in locations where compressed air or other

power sources are unavailable.

[0024] With reference to FIGS. 2A-2D, the motor assembly 42 includes a brushless
electric DC (“BLDC”) motor 300 positioned within the motor housing 18 and a printed
circuit board (“PCB”) assembly 301 coupled to the motor housing 18 for controlling
operation of the motor 300. The motor 300 includes a stator 302 with a plurality of
conductive windings and a rotor core 306 extending centrally through the stator 302 (FIG.
2B). In some embodiments, the stator 302 may define an outer diameter of at least about 60
mm. In some embodiments, the outer diameter of the stator 302 may be between
approximately 70 mm and approximately 100 mm. In some embodiments, the outer diameter
of the stator 302 is approximately 70 mm. The rotor core 306 is formed from a plurality of
stacked laminations, which may have a non-circular cross-section in some embodiments, and
supports a plurality of permanent magnets (not shown). The rotor core 306 is fixed to the
output shaft 44, such that the rotor core 306 and the output shaft 44 are configured to rotate
together relative to the stator 302. In some embodiments, the motor 300 may be the same or
similar to that described in U.S. Patent Application No. 16/045,513, filed July 25, 2018, the

entire content of which is incorporated herein by reference.

[0025] Referring to FIG. 2C, the illustrated motor housing 18 has a cylindrical portion
310 at least partially housing the motor 300. Mounting bosses 314 are provided along the
cylindrical portion 310 through which fasteners 318 extend to couple the PCB assembly 301
to the motor housing 18. In the illustrated embodiment, the stator 302 includes external
grooves 322 configured to receive the fasteners 318 such that the fasteners 318 may

interconnect the PCB assembly 301, the motor housing 18, and the stator 302.
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[0026] With continued reference to FIG. 2C, the motor housing 18 also includes a hub
portion 326 coaxial with the cylindrical portion 310 and axially spaced from the cylindrical
portion 310 and radially extending spokes 330 extending between the hub portion 326 and the
mounting bosses 314. Referring to FIG. 2B, a bearing 334 for supporting the output shaft 44
is positioned within the hub portion 326. In some embodiments, the motor housing 18—
including the hub portion 326, the cylindrical portion 310, and the spokes 330—may be
integrally formed via a molding process. For example, in some embodiments, the motor

housing 18 may be injection-molded from a polymer material.

[0027] With reference to FIGS. 2B and 2D, the PCB assembly 301 includes a first PCB
338 (i.e., a power circuit board), a second PCB 342 (i.e., a rotor position sensor board), and a
heat sink 346. The first and second PCBs 338, 342 are coupled to opposite sides of the heat
sink 346, such that the heat sink 346 is positioned between the first and second PCBs 338,
342. As such, the heat sink 346 is configured to remove heat from both the first PCB 338 and
the second PCB 342. In the illustrated embodiment, the second PCB 342 is positioned within
arecess 348 formed in the heat sink 346.

[0028] In the illustrated embodiment, the first PCB 338 includes through-holes 319 at
locations corresponding with the locations of the fasteners 318 (FIG. 2B). In particular, each
of the through-holes 319 is sized to receive a head 321 of one of the fasteners 318, such that
the heads 321 of the fasteners 318 do not engage or bear against the first PCB 338 in an axial
direction. Instead, the heads 321 of the fasteners 318 engage and bear against the heat sink
346 to secure the PCB assembly 301 to the motor housing 18. Accordingly, the fasteners 318
can be tensioned to a higher holding force without risk of stressing or cracking the first PCB

338.

[0029] Each of the fasteners 318 includes an unthreaded shank 323 extending from the
head 321 and a threaded end portion 325 extending from the shank 323 opposite the head
321. The unthreaded shank 323 of each fastener 318 extends through a metal (e.g., steel)
sleeve 327 that is fixed within the corresponding boss 314. In the illustrated embodiment, the
metal sleeves 327 are insert-molded within the bosses 314 during molding of the motor
housing 18. The threaded end portion 325 of each fastener 318 receives a nut 329. The nuts
329 in the illustrated embodiment are nylon lock nuts, which advantageously provide high
torque capacity (to securely fasten the PCB assembly 301 to the motor housing 318) and also

resist loosening.
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[0030] Because the fasteners 318 directly engage the heat sink 346 (rather than the first
and second PCBs 338, 342), the PCBs 338, 342 are separately coupled to the heat sink 346 by
respective first and second pluralities of fasteners 331, 333. The fasteners 331, 333 are

smaller than the fasteners 318 and do not penetrate entirely through the heat sink 346,

[0031] Referring to FIGS. 2A-B, The power circuit board 338 includes a plurality of
switches 350 (e.g., FETs, IGBTs, MOSFETS, etc.). The power source (the battery pack 34)
provides operating power to the motor 300 through the switches 350 (e.g., an inverter bridge).
By selectively activating the switches 350, power from the battery pack 34 is selectively
applied to coils of the stator 302 to cause rotation of the rotor core 306 and output shaft 44
(FIG. 2B).

[0032] The rotor position sensor board 342 includes a plurality of Hall-effect sensors 354
(FIG. 2D). A ring shaped magnet 358 is affixed to the output shaft 44 and co-rotates with the
output shaft 44, emanating a rotating a magnetic field that is detectable by the Hall-effect
sensors 354. The Hall-effect sensors 354 may thus output motor feedback information, such
as an indication (e.g., a pulse) when the Hall-effect sensors 354 detect a pole of the magnet
358. Based on the motor feedback information from the Hall-effect sensors 354, a motor
controller (e.g., a microprocessor, which may be incorporated on to the first PCB 338, the
second PCB 342, or elsewhere) may determine the rotational position, velocity, and/or

acceleration of the output shaft 44.

[0033] The motor controller may also receive control signals from the user input. The
user input may include, for example, the trigger switch 62, a forward/reverse selector switch,
a mode selector switch, etc. In response to the motor feedback information and the user
control signals, the motor controller may transmit control signals to the switches 350 to drive
the motor 300. By selectively activating the switches 350, power from the battery pack 34 is
selectively applied to the coils of the stator 302 to cause rotation of the output shaft 44. In
some embodiments, the motor controller may also receive control signals from an external

device such as, for example, a smartphone wirelessly through a transceiver (not shown).

[0034] With reference to FIG. 2, the impact wrench 10 further includes a gear assembly
66 coupled to the motor output shaft 44 and an impact mechanism or drive assembly 70
coupled to an output of the gear assembly 66. The gear assembly 66 and the drive assembly
70 are at least partially disposed within a gear case 72 of the front housing 22. In the
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illustrated embodiment, the gear case 72 includes a main body portion 73a and a rear end cap
or support 73b fixed to the main body portion 73a (e.g., by a plurality of fasteners, a press-fit,
a threaded connection, or in any other suitable manner). The front housing 22 includes a
cover 91 coupled to and surrounding the main body portion 73a of the gear case 72. In the
illustrated embodiment, the cover 91 supports a lighting source 92 (e.g., including three
LEDs evenly spaced about the axis 45) for illuminating a workpiece during operation of the
impact wrench 10. In some embodiments, the cover 91 may be at least partially made of an
elastomeric material to provide protection for the gear case 72. The cover 91 may be

permanently affixed to the gear case 72 or may be removable and replaceable.

[0035] The gear assembly 66 may be configured in any of a number of different ways to
provide a speed reduction between the output shaft 44 and an input of the drive assembly 70.
Referring to FIG. 2E, the illustrated gear assembly 66 includes a helical pinion 82 formed on
the motor output shaft 44, a plurality of helical planet gears 86, and a helical ring gear 90.
The output shaft 44 extends through the rear end cap 73b such that the pinion 82 is received
between and meshed with the planet gears 86. The helical ring gear 90 surrounds and is
meshed with the planet gears 86 and is rotationally fixed within the gear case 72 (e.g., via
projections on an exterior of the ring gear 90 cooperating with corresponding grooves formed
inside the gear case 72). The planet gears 86 are mounted on a camshaft 94 of the drive

assembly 70 such that the camshaft 94 acts as a planet carrier for the planet gears 86.

[0036] Accordingly, rotation of the output shaft 44 rotates the planet gears 86, which then
advance along the inner circumference of the ring gear 90 and thereby rotate the camshaft 94.
In the illustrated embodiment, the gear assembly 66 provides a gear ratio from the output
shaft 44 to the camshaft 94 between 10:1 and 14:1; however, the gear assembly 66 may be

configured to provide other gear ratios.

[0037] With continued reference to FIG. 2E, the camshaft 94 is rotationally supported at
its rear end (i.e. the end closest to the motor assembly 42) by a radial bearing 102. The
bearing 102, in turn, is supported by the rear end cap 73b of the gear case 72. In some
embodiments, the bearing 102 may be pressed into the rear end cap 73b. The bearing 102
may be a roller bearing in some embodiments. In the illustrated embodiment, the bearing 102
is a bushing, which may advantageously be less costly and/or more durable than a roller

bearing.
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[0038] In the illustrated embodiment, the output shaft 44 is rotationally supported by a
radial bearing 103. The radial bearing 103 may be a roller bearing (e.g., a ball bearing), a
bushing, or any other suitable bearing to radially support the output shaft 44. A shaft seal
104 surrounds the output shaft 44 in front of the radial bearing 103. The shaft seal 104
provides a fluid or grease-tight seal between the motor housing 18 and the gear case 72. The
radial bearing 103 and the shaft seal 104 are each supported within the rear end cap 73b of
the gear case 72. In the illustrated embodiment, the rear end cap 73b includes a boss 106 in
which the shaft seal 104 is supported. The boss 106 extends into a bore 107 in the rear end of
the camshaft 94. In some embodiments, the exterior surface of the boss 106 may be
engageable with the interior surface of the bore 107 to further support and align the rear end
of the camshaft 94. In addition, because the shaft seal 104 is supported inside the camshaft
94, the axial length of the impact wrench 10 is reduced.

[0039] With continued reference to FIG. 2E, the drive assembly 70 includes an anvil 200,
extending from the front housing 22 and having a drive end 201 to which a tool element (e.g.,
a socket; not shown) can be coupled for performing work on a workpiece (e.g., a fastener).

In the illustrated embodiment, the drive end 201 has a square cross-section (i.e. a square
drive). The drive end 201 may have a nominal dimension between about 3/4” and about 2 in

some embodiments, or about 17 in some embodiments.

[0040] The drive assembly 70 is configured to convert the continuous rotational force or
torque provided by the motor assembly 42 and gear assembly 66 to a striking rotational force
or intermittent applications of torque to the anvil 200 when the reaction torque on the anvil
200 (e.g., due to engagement between the tool element and a fastener being worked upon)
exceeds a certain threshold. In the illustrated embodiment of the impact wrench 10, the drive
assembly 66 includes the camshaft 94, a hammer 204 supported on and axially slidable
relative to the camshaft 94, and the anvil 200.

[0041] The camshaft 94 includes a cylindrical projection 205 adjacent the front end of the
camshaft 94. The cylindrical projection 205 is smaller in diameter than the remainder of the
camshaft 94 and is received within a pilot bore 206 extending through the anvil 200 along the
axis 46. The engagement between the cylindrical projection 205 and the pilot bore 206
rotationally and radially supports the front end of the camshaft 94. A ball bearing 207 is
seated within the pilot bore 206. The cylindrical projection abuts the ball bearing 207, which

acts as a thrust bearing to resist axial loads on the camshaft 94.
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[0042] Thus, in the illustrated embodiment, the camshaft 94 is rotationally and radially
supported at its rear end by the bearing 102 and at its front end by the anvil 200. Because the
radial position of the planet gears 86 on the camshaft 94 is fixed, the position of the camshaft
94 sets the position of the planet gears 86. In some embodiments, the ring gear 90 may be
coupled to the gear case 72 such that the ring gear 90 may move radially to a limited extent or
“float” relative to the gear case 72. This facilitates alignment between the planet gears 86

and the ring gear 90.

[0043] With continued reference to FIG. 2E, the drive assembly 70 further includes a
spring 208 biasing the hammer 204 toward the front of the impact wrench 10 (i.e., in the right
direction of FIG. 2E). In other words, the spring 208 biases the hammer 204 in an axial
direction toward the anvil 200, along the axis 46. A thrust bearing 212 and a thrust washer
216 are positioned between the spring 208 and the hammer 204. The thrust bearing 212 and
the thrust washer 216 allow for the spring 208 and the camshaft 94 to continue to rotate
relative to the hammer 204 after each impact strike when lugs (not shown) on the hammer
204 engage and impact corresponding anvil lugs (not shown) to transfer kinetic energy from

the hammer 204 to the anvil 200.

[0044] The camshaft 94 further includes cam grooves 224 in which corresponding cam
balls (not shown) are received. The cam balls are in driving engagement with the hammer
204 and movement of the cam balls within the cam grooves 224 allows for relative axial
movement of the hammer 204 along the camshaft 94 when the hammer lugs and the anvil
lugs are engaged and the camshaft 94 continues to rotate. A bushing 222 is disposed at a
front end of the main body 73a of the gear case 72 to rotationally support the anvil 200. A
washer 226, which in some embodiments may be an integral flange portion of bushing 222, is
located between the anvil 200 and a front end of the front housing 22. In some embodiments,

multiple washers 226 may be provided as a washer stack.

[0045] The bushing 222 has an axial length L1 along which the anvil 200 is rotationally
supported. In the illustrated embodiment, the anvil 200 includes an annular groove 230 or
necked portion that is positioned between the axial ends of the bushing 222. The annular
groove 230 separates two annular contact areas Al, A2 where the anvil 200 contacts the
interior of the bushing 222. The annular groove 230, as well as the bore 206, advantageously
reduce the weight of the anvil 200. In addition, the spaced contact areas Al, A2 are better

able to support the anvil 200 against radial forces applied to the anvil 200. For example, a

10
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downward radial force F, illustrated in FIG. 2E, produces a moment that will tend to pivot the
drive end 201 of the anvil 200 downward. The distance between the contact areas Al, A2

provides greater leverage to resist this moment.

[0046] The anvil 200 is at least partially supported by the cylindrical projection 205 of
the camshaft 94 and the bushing 222. The anvil 200 has a total supported length L2 defined
as an axial distance from the rearmost supported point of the anvil 200 to the forwardmost
supported point of the anvil 200. In the illustrated embodiment, the total supported length L2
is 3.2 inches. In other embodiments, the total supported length L2 may be between 3.0 inches
and 3.5 inches. In other embodiments, the total supported length L2 may be between 2.5
inches and 4.0 inches. In other embodiments, the total supported length L2 is less than 4.25

inches.

[0047] In the illustrated embodiment, the length L1 of the bushing 222 is 2.6 inches. In
other embodiments, the length .1 may be between 2 inches and 3 inches. In other
embodiments, the length L1 may be between 1.5 inches and 3.5 inches. A ratio of the length
L1 of the bushing 222 to the total supported length L2 in the illustrated embodiment is about
0.8 in the illustrated embodiment. In other embodiments, the ratio of the length L1 of the
bushing 222 to the total supported length L2 may be between 0.7 and 0.8. In other
embodiments, the ratio of the length L1 of the bushing 222 to the total supported length L2
may be between 0.5 and 0.9.

[0048] In the illustrated embodiment, the anvil 200 has a diameter D1 at the contact areas
Al, A2 of 1.26 inches. As such, aratio of the length L1 of the bushing 222 to the diameter
D1 of the anvil 200 is about 2.1. In other embodiments, the ratio of the length L1 of the
bushing 222 to the diameter D1 of the anvil 200 is between about 1.8 and about 2.3. In other
embodiments, the ratio of the length L1 of the bushing 222 to the diameter D1 of the anvil
200 1s between about 1.6 and about 2.5.

[0049] The long length L1 of the bushing 222 and the separated contact areas Al, A2
provide the anvil 200 with improved support and greater resistance to radial forces that may
be encountered during operation of the impact wrench 10. The improved support may be
particularly advantageous when the anvil 200 is coupled to a long socket, or when an
extended anvil is used. In such embodiments, the additional weight and length may increase

the moment on the anvil 200.

11
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[0050] In operation of the impact wrench 10, an operator activates the motor assembly 42
(e.g., by depressing a trigger), which continuously drives the gear assembly 66 and the
camshaft 94 via the output shaft 44. As the camshaft 94 rotates, the cam balls drive the
hammer 204 to co-rotate with the camshaft 94, and the hammer lugs engage, respectively,
driven surfaces of the anvil lugs to provide an impact and to rotatably drive the anvil 200 and
the tool element. After each impact, the hammer 204 moves or slides rearward along the

camshaft 94, away from the anvil 200, so that the hammer lugs disengage the anvil lugs 220.

[0051] As the hammer 204 moves rearward, the cam balls 228 situated in the respective
cam grooves 224 in the camshaft 94 move rearward in the cam grooves 224. The spring 208
stores some of the rearward energy of the hammer 204 to provide a return mechanism for the
hammer 204. After the hammer lugs disengage the respective anvil lugs, the hammer 204
continues to rotate and moves or slides forwardly, toward the anvil 200, as the spring 208
releases its stored energy, until the drive surfaces of the hammer lugs re-engage the driven

surfaces of the anvil lugs to cause another impact.

[0052] FIGS. 3-5 illustrates a gear assembly 66’ and camshaft 94' according to another
embodiment, which may be incorporated into the impact wrench 10 described above with
reference to FIGS. 1 and 2. Features and elements of the gear assembly 66' and the camshaft
94’ corresponding with features and elements of the gear assembly 66 and camshaft 94

described above are given identical reference numbers, appended by a prime symbol.

[0053] With reference to FIG. 3, the gear assembly 66’ includes a plurality of helical
planet gears 86' and a helical ring gear 90’ meshed with the planet gears 86’. In other
embodiments, the gears 86’, 90’ may be spur gears. The camshaft 94’ has a front portion 94a’
including the front end of the camshaft 94’ and a rear portion 94b’ including the rear end of
the camshaft 94'. When the camshaft 94’ is assembled with the impact tool 10, the rear

portion 94b’ is positioned closer to the motor assembly 42 than the front portion 94a’.

[0054] Referring to FIGS. 3-4, the planet gears 86’ are coupled to the rear portion 94b’ of
the camshaft 94' by pins 95', such that the camshaft 94’ acts as a carrier for the planet gears
86'. Like the camshaft 94, the front portion 94a’ of the camshaft 94’ includes a cylindrical
projection 205’ that is received within the pilot bore 206 of the anvil 200 (FIG. 2) to
rotationally and radially support the front portion 94a’ of the camshaft 94'. The cylindrical
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projection 205’ is also engageable with the ball bearing 207 to transfer forward axial loads on

the camshaft 94’ to the anvil 200.

[0055] Unlike the ring gear 90, which is rotationally fixed relative to the gear case 72 but
permitted to float radially within the gear case 72, the ring gear 90’ is both rotationally and
radially fixed within the gear case 72. In the illustrated embodiment, the rear end cap 73b’ of
the gear case 72 includes an axially-extending annular wall 75’ that defines a recess 77" (FIG.
5). The ring gear 90’ is press-fit within the recess 77". In other embodiments, the ring gear
90" may be coupled to the rear end cap 73b’ in any other suitable manner to both rotationally
and radially fix the ring gear 90'. In other embodiments, the ring gear 90’ may be integrally
formed as a single piece with the rear end cap 73b’. In some embodiments, the ring gear 9(’,

the rear end cap 73b’, or both may be made of powdered metal.

[0056] Referring to FIG. 3, in the illustrated embodiment, a washer 81' is disposed
between a radially-extending rear wall 83" of the rear end cap 73b" and the rear end of the
camshaft 94'. The camshaft 94’ engages the washer 81’ to transfer rearward axial loads (i.e.
rearward thrust loads) on the camshaft 94' to the rear end cap 73b’, and the washer 81
provides for low-friction sliding contact with the camshaft 94'. In some embodiments, the

washer 81’ may be replaced by a thrust bearing.

[0057] Because the ring gear 90’ is radially fixed, the ring gear 90’ rotationally and
radially supports the rear portion 94b’ of the camshaft 94’ via the planet gears 86’. Thus, a
radial load exerted by the rear portion 94b’ of the camshaft 94’ on the housing 14 has a line of
action or force vector 99’ that passes through at least one of the plurality of planet gears 8¢',
the ring gear 90', and the annular wall 75’ of the rear end cap 73b’ (FIG. 3). As such, the
bearing 102 described above with reference to FIG. 2 can be omitted. This shortens the
overall length of the camshaft 94’ compared to the camshaft 94, which advantageously allows

for the impact wrench 10 to be more compact.

[0058] Various features of the invention are set forth in the following claims.
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CLAIMS

What is claimed is:

1. An impact tool comprising:

a housing;

an electric motor supported within the housing and having a motor shaft;

a drive assembly configured to convert a continuous rotational input from the motor
shaft to consecutive rotational impacts upon a workpiece, the drive assembly including a
camshaft having a front portion and a rear portion, the rear portion being closer to the electric
motor than the front portion; and

a gear assembly coupled between the motor shaft and the drive assembly, the gear
assembly including a ring gear that is rotationally and radially fixed relative to the housing,
and a plurality of planet gears meshed with the ring gear,

wherein each of the plurality of planet gears is coupled to the rear portion of the
camshaft, and

wherein a line of action of a radial load exerted by the rear portion of the camshaft on

the housing passes through one of the plurality of planet gears and the ring gear.

2. The impact tool of claim 1, wherein:

the drive assembly includes a hammer and an anvil,

the hammer is configured to reciprocate along the camshaft and to impart consecutive
rotational impacts to the anvil,

the front portion of the camshaft includes a cylindrical projection,

the anvil includes a pilot bore in which the cylindrical projection is received, and

the front portion of the camshaft is radially supported by engagement between the

cylindrical projection and an inner periphery of the pilot bore.

3. The impact tool of claim 1, wherein the housing includes
a gear case in which the drive assembly and the gear assembly are at least partially
received, and

a motor housing in which the electric motor is at least partially received.

14
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4, The impact tool of claim 3, wherein the gear case includes a rear end cap adjacent the

motor housing, and wherein the motor shaft extends through the rear end cap.

5. The impact tool of claim 4, wherein the rear end cap includes a recess, and wherein

the ring gear is press-fit within the recess.

6. The impact tool of claim 4, wherein the ring gear is integrally formed with the rear
end cap.
7. The impact tool of claim 3, further comprising a PCB assembly coupled to the motor

housing by a plurality of fasteners.

8. The impact tool of claim 7, wherein the PCB assembly includes a first PCB including
a plurality of switches, a second PCB including a plurality of Hall-effect sensors, and a heat

sink disposed between the first PCB and the second PCB.

9. The impact tool of claim 8, wherein the first PCB includes a plurality of holes through
which the corresponding plurality of fasteners extend, and wherein each of the plurality of
fasteners includes a head that is at least partially received within a respective hole in the first

PCB and that directly engages the heat sink.

10. The impact tool of claim 7, wherein the motor housing includes a plurality of
mounting bosses, each of the plurality of mounting bosses having a metal sleeve molded

within the mounting boss and configured to receive one of the plurality of fasteners.

11. The impact tool of claim 2, further comprising a bushing configured to rotationally
support the anvil, wherein the anvil includes an annular recess, and wherein the anvil is
engageable with the bushing at a first contact area and a second contact area separated from

the first contact area by the annular recess.

12. The impact tool of claim 11, wherein the bushing has an axial length between 1.5

inches and 3.5 inches.
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13. The impact tool of claim 11, wherein engagement between the anvil and the
cylindrical projection defines a rearmost supported point of the anvil,

wherein engagement between the bushing and the anvil defines a forwardmost
supported point of the anvil,

wherein an axial distance from the rearmost supported point to the forwardmost
supported point defines a total supported length of less than 4.25 inches, and

wherein a ratio of an axial length of the bushing to the total supported length is
between 0.5 and 0.9.

14. An impact tool comprising:

a housing including a front housing, a motor housing, and a support coupled between
the front housing and the motor housing, the support including an annular wall defining a
recess;

an electric motor positioned at least partially within the motor housing and having a
motor shaft extending through the support;

a drive assembly configured to convert a continuous rotational input from the motor
shaft to consecutive rotational impacts upon a workpiece, the drive assembly including a
camshaft having a front portion and a rear portion, the rear portion being closer to the electric
motor than the front portion; and

a gear assembly coupled between the motor shaft and the drive assembly, the gear
assembly including a ring gear press-fit within the recess such that the ring gear is
rotationally and radially fixed to the support, and a plurality of planet gears meshed with the
ring gear,

wherein each of the plurality of planet gears is coupled to the rear portion of the

camshaft.
15. The impact tool of claim 14, wherein a line of action of a radial load exerted by the

rear portion of the camshaft on the housing passes through at least one planet gear of the

plurality of planet gears, the ring gear, and the support.
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16. The impact tool of claim 14, wherein the support includes a rear wall extending
radially inward from the annular wall, and wherein the impact tool further comprises a
washer positioned between the rear wall and the camshaft for absorbing a thrust load applied

to the camshaft.

17. An impact tool comprising:

a housing;

an electric motor supported within the housing and having a motor shaft;

a drive assembly configured to convert a continuous rotational input from the motor
shaft to consecutive rotational impacts upon a workpiece, the drive assembly including:

a camshaft having a front portion and a rear portion, the rear portion being

closer to the electric motor than the front portion, and the front portion including a

cylindrical projection,

an anvil including a pilot bore in which the cylindrical projection is received,
and

a hammer configured to reciprocate along the camshaft and to impart
consecutive rotational impacts to the anvil;

a gear assembly coupled between the motor shaft and the drive assembly, the gear
assembly including a ring gear and a plurality of planet gears coupled to the rear portion of
the camshaft and meshed with the ring gear; and

a bushing configured to rotationally support the anvil, the bushing having an axial
length,

wherein engagement between the anvil and the cylindrical projection defines a
rearmost supported point of the anvil,

wherein engagement between the bushing and the anvil defines a forwardmost
supported point of the anvil,

wherein an axial distance from the rearmost supported point to the forwardmost
supported point defines a total supported length of less than 4.25 inches, and

wherein a ratio of the axial length of the bushing to the total supported length is
between 0.5 and 0.9.

17



WO 2020/172180 PCT/US2020/018666

18. The impact tool of claim 17, wherein the anvil includes an annular recess, and
wherein the anvil is engageable with the bushing at a first contact area and a second contact

area separated from the first contact area by the annular recess.

19. The impact tool of claim 17, wherein the housing includes a motor housing
configured to support the electric motor, and wherein the impact tool further comprises a

PCB assembly coupled to the motor housing.
20. The impact tool of claim 19, wherein the PCB assembly includes a heat sink, and

wherein the impact tool further comprises a plurality of fasteners directly engaged with the

heat sink to couple the PCB assembly to the motor housing.
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