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(54) POWER TOOL WITH COMPACT MOTOR AND TRANSMISSION ASSEMBLIES

(57) A power tool includes a motor assembly coupled
to a transmission assembly to drive an output device.
The motor assembly includes a stator assembly coupled
to a rotor that rotates about a central axis of the power
tool, with a plurality of magnets received in magnet pock-

ets defined in the rotor. At least a portion of a motor bear-
ing, and at least a portion of a cam carrier bearing of the
transmission mechanism, are received within a motor en-
velope defined by the motor assembly.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to a power tool, and in
particular to a power tool having a compact motor as-
sembly.

BACKGROUND

[0002] Power tools such as impact drivers, impact
wrenches and the like may be used for driving threaded
fasteners into workpieces. In some situations, these
types of power tools may lack sufficient power to drive a
threaded fastener into a workpiece, or may be too large
in length and/or girth to fit into a desired location. In such
power tools, it is desirable to reduce the girth and/or the
length of the tool, including the motor assembly and re-
lated components, without sacrificing power and/or per-
formance of the power.

SUMMARY

[0003] In one general aspect, a power tool includes a
housing having a rear end portion and a front end portion
opposite the rear end portion, the front end portion cor-
responding to a working end of the power tool; and a
motor assembly received in the housing. The motor as-
sembly may include a rotor configured to rotate about a
central axis of the power tool; a stator assembly operably
coupled to the rotor; and magnets received in magnet
pockets defined in the rotor. The power tool may also
include a rotor shaft extending along the central axis, the
rotor shaft being coupled to the rotor so as to be driven
by the rotor; a transmission assembly coupled to the rotor
shaft and configured to transmit a torque generated by
the motor assembly to an output spindle; a first bearing
configured to support the rotor shaft; and a second bear-
ing configured to support a component of the transmis-
sion assembly. At least a portion of the second bearing
may be radially aligned with at least a portion of the first
bearing.
[0004] In some implementations, the first bearing and
the second bearing are at least partially received within
a motor envelope defined by a first plane corresponding
to a rearmost portion of the motor assembly and a second
plane corresponding to a frontmost portion of the motor
assembly
[0005] In some implementations, the first bearing in-
cludes an inner race positioned on the rotor shaft such
that the inner race of the first bearing rotates together
with the rotor shaft at a first speed; and an outer race
supported on a first side surface of a cam carrier plate
of the transmission assembly such that the outer race of
the first bearing rotates together with the cam carrier plate
at a second speed that is less than the first speed and
the second bearing includes an inner race positioned on
a second side surface of the cam carrier plate, opposite

the first side surface thereof, such that the inner race of
the second bearing rotates together with cam carrier
plate at the second speed; and an outer race supported
on radial projection of a ring gear mount coupled to the
housing, such that the outer race of the second bearing
is substantially stationary.
[0006] In some implementations, the power tool in-
cludes a third bearing coupled to an end portion of the
rotor shaft, opposite an end portion of the rotor shaft to
which the first bearing is coupled, and configured to sup-
port the rotor shaft, wherein the third bearing is received
in a bearing pocket defined in a corresponding portion of
the housing; and a fan coupled to the rotor shaft, posi-
tioned axially between the third bearing and the motor
assembly.
[0007] In some implementations, the first bearing is
mounted on the rotor shaft, positioned axially between
the motor assembly and a cam carrier of the transmission
assembly, such that an axial position of the first bearing
is constrained by the cam carrier.
[0008] In another general aspect, a power tool includes
a housing having a rear end portion and a front end por-
tion opposite the rear end portion, the front end portion
corresponding to a working end of the power tool; and a
motor assembly received in the housing. The motor as-
sembly may include a rotor having a rear end portion and
a front end portion configured to rotate about a central
axis of the power tool; a stator assembly operably cou-
pled to the rotor; and magnets received in magnet pock-
ets defined in the rotor. The power tool may also include
a rotor shaft extending along the central axis, the rotor
shaft being coupled to the rotor so as to be driven by the
rotor; a transmission assembly coupled to the rotor and
configured to transmit a force generated by the motor
assembly to an output spindle, the transmission assem-
bly including a carrier, a gear carried by the carrier, and
an output member coupled for rotation with the carrier
and extending toward the front end portion; a first bearing
configured to support the front end portion of the rotor
shaft, the first bearing in a bearing pocket defined in a
cam shaft at least partially axially forward of the gear
carried by the carrier; and a second bearing configured
to support the carrier, the second bearing being received
between the carrier and the housing, such that the sec-
ond bearing is such that the second bearing is located
between the motor assembly and the first bearing along
the central axis and positioned axially rearward of the
first bearing.
[0009] In some implementations, the power tool also
includes a pinion having a proximal end portion coupled
to the rotor shaft, and a distal end portion positioned in
a bearing pocket defined in a cam shaft of a cam carrier
of the transmission assembly.
[0010] In some implementations, the second bearing
is radially aligned with end windings of the stator assem-
bly, and is at least partially received within a motor en-
velope defined by a first plane corresponding to a rear-
most portion of the motor assembly and a second plane

1 2 



EP 4 458 518 A2

3

5

10

15

20

25

30

35

40

45

50

55

corresponding to a frontmost portion of the motor assem-
bly.
[0011] In some implementations, the second bearing
is positioned axially rearward of a gear assembly of the
transmission assembly.
[0012] In some implementations, the first bearing in-
cludes an inner race positioned on the distal end portion
of the rotor shaft such that the inner race of the first bear-
ing rotates together with the rotor shaft, via the pinion, at
a first speed; and an outer race supported on an inner
wall of the bearing pocket defined in the cam shaft such
that the outer race of the first bearing rotates together
with the carrier at a second speed that is less than the
first speed, and the second bearing includes an inner
race positioned on a rear plate portion of the cam carrier
such that the inner race of the second bearing rotates at
the second speed together with cam carrier; and an outer
race supported on radial projection of a ring gear mount,
such that the outer race of the second bearing is sub-
stantially stationary.
[0013] In some implementations, the power tool in-
cludes a third bearing coupled to a proximal end portion
of the rotor shaft and configured to support the rotor shaft,
wherein the third bearing is received in a bearing pocket
defined in a corresponding portion of the housing; and a
fan coupled to the rotor shaft, positioned axially between
the third bearing and the motor assembly.
[0014] In another general aspect, a power tool includes
a housing having a rear end portion and a front end por-
tion opposite the rear end portion, the front end portion
corresponding to a working end of the power tool; and a
motor assembly received in the housing, the motor as-
sembly including a rotor configured to rotate about a cen-
tral axis of the power tool; a stator assembly operably
coupled to the rotor; and magnets received in magnet
pockets defined in the rotor. The power tool may also
include a rotor shaft extending along the central axis, the
rotor shaft being coupled to the rotor so as to be driven
by the rotor; a transmission assembly, including a cam
carrier, coupled to the rotor shaft and configured to trans-
mit a force generated by the motor assembly to an output
spindle, and an annular rearward projection coaxial with
the central axis; a fan coupled to a front axial end of the
rotor, a first bearing mounted on the annular rearward
projection within a first bearing pocket and configured to
support the fan; and a second bearing mounted on the
annular rearward projection within a second bearing
pocket and configured to support the cam carrier, the
second bearing pocket being positioned axially forward
of the first bearing pocket.
[0015] In some implementations, a central hub portion
of the fan is radially aligned with stator end windings of
the stator assembly.
[0016] In some implementations, at least the first bear-
ing pocket and first bearing mounted therein are at least
partially received within a motor envelope defined by a
first plane corresponding to a rearmost portion of the mo-
tor assembly and a second plane corresponding to a

frontmost portion of the motor assembly.
[0017] In some implementations, the second bearing
pocket is axially aligned with the first bearing pocket.
[0018] In some implementations, the first bearing
pocket is defined by a central hub portion of the fan and
a rear plate portion of the cam carrier, such that the first
bearing is radially aligned with the central hub portion of
the fan and stator end windings of the stator assembly;
and the second bearing pocket is defined by a radial por-
tion of a ring gear mount coupled to the housing and a
rear plate portion of the cam carrier, such that the second
bearing is radially aligned with blades of the fan.
[0019] In some implementations, the first bearing in-
cludes an inner race positioned on a rear plate portion
of the cam carrier such that the inner race of the first
bearing rotates at a first speed together with the cam
carrier; and an outer race supported on an inner wall of
a central hub portion of the fan such that the outer race
of the first bearing rotates at a second speed together
with the fan, and the second bearing includes an inner
race positioned on the rear plate portion of the cam carrier
such that the inner race of the second bearing rotates
together with cam carrier at the first speed; and an outer
race supported on radial projection of a ring gear mount
fixed to the housing, such that the outer race of the sec-
ond bearing is substantially stationary.
[0020] In some implementations, the power tool in-
cludes a pinion that mounts the fan on the rotor shaft,
wherein the pinion mounting of the fan on the rotor shaft
supports an axial position of the first bearing relative to
the rotor.
[0021] In some implementations, the power tool in-
cludes a third bearing coupled to a rear end portion of
the rotor shaft, such that the rotor is positioned between
the third bearing and the fan, wherein the third bearing
is received in a bearing pocket defined in a corresponding
portion of the housing.
[0022] In some implementations, the first bearing
pocket and the first bearing received therein are radially
aligned with a central hub portion of the fan and stator
end windings of the stator assembly; and the second
bearing pocket and the second bearing received therein
are radially aligned with blades of the fan.
[0023] In some implementations, a central hub portion
of the fan has a stepped configuration; and a ring gear
mount positioned axially forward from the central hub por-
tion of the fan and coupled to the housing has a stepped
configuration corresponding to the stepped configuration
of the central hub portion.
[0024] In some implementations, the first bearing
pocket is defined by a first stepped portion of the ring
gear mount corresponding to a first stepped portion of
the central hub portion of the fan; and the second bearing
pocket is defined by a second stepped portion of the ring
gear mount corresponding to a second stepped portion
of the central hub portion of the fan.
[0025] In some implementations, the first bearing in-
cludes an inner race positioned on a pinion mounted on
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the rotor shaft such that the inner race of the first bearing
rotates at a first speed together with the rotor shaft via
the pinion; and an outer race supported on the first
stepped portion of the ring gear mount such that the outer
race of the first bearing is substantially stationary, and
the second bearing includes an inner race positioned on
a rear plate portion of the cam carrier such that the inner
race of the second bearing rotates at a second speed
together with the cam carrier; and an outer race support-
ed on the second stepped portion of the ring gear mount
such that the outer race of the second bearing is sub-
stantially stationary.
[0026] In another general aspect, a power tool includes
a housing having a rear end portion and a front end por-
tion opposite the rear end portion, the front end portion
corresponding to a working end of the power tool; and a
motor assembly received in the housing, the motor as-
sembly including a rotor configured to rotate about a cen-
tral axis of the power tool; and a stator assembly operably
coupled to the rotor; and a plurality of magnets respec-
tively received in a plurality of magnet pockets axially
arranged in the rotor. The power tool may also include a
transmission assembly coupled to the motor assembly
and configured to transmit a force generated by the motor
assembly to an output spindle; a drive pin extending be-
tween the transmission assembly and the rotor so as to
transmit a rotational force from the rotor to the transmis-
sion assembly; a fan mounted to a rear portion of the
rotor via an interlocking device configured to rotational
fix the fan to the rotor; a first bearing mounted in a first
bearing pocket and configured to support the drive pin;
and a second bearing mounted in a second bearing pock-
et and configured to support a cam carrier of the trans-
mission assembly.
[0027] In some implementations, the drive pin includes
a gear portion in meshed engagement with planet gears
of the transmission assembly; and a shaft portion con-
figured to be fitted in a central opening in the rotor such
that the drive pin rotates together with the rotor.
[0028] In some implementations, the first bearing in-
cludes an inner race positioned on the shaft portion of
the drive pin such that the inner race of the first bearing
rotates at a first speed together with the drive pin and the
rotor; and an outer race supported on a first side surface
of a rear plate portion of the cam carrier such that the
outer race of the first bearing rotates at a second speed
together with the cam carrier, and the second bearing
includes an inner race positioned on a second side sur-
face of the rear plate portion of the cam carrier such that
the inner race of the second bearing rotates at the second
speed together with cam carrier; and an outer race sup-
ported on a radial portion of a ring gear mount fixed to
the housing such that the outer race of the second bear-
ing is substantially stationary.
[0029] In some implementations, the second bearing
is radially aligned with the first bearing, and wherein the
first bearing and the second bearing are at least partially
received within a motor envelope defined by a first plane

corresponding to a rearmost portion of the motor assem-
bly and a second plane corresponding to a frontmost por-
tion of the motor assembly.
[0030] In some implementations, the fan includes a
plate portion; a central opening formed in a central portion
of the plate portion, wherein the central opening is con-
figured to receive a protruded rear portion of the rotor for
mounting the fan on the rotor; a plurality of protrusions
formed on a portion of a first side of the plate portion, at
positions respectively corresponding to axial end por-
tions of the plurality of magnet pockets formed in the rotor;
and a plurality of blades arranged radially on the first side
of the plate portion.
[0031] In some implementations, the plurality of pro-
trusions are configured to be received in axial end por-
tions of the plurality of magnet pockets to interlock a po-
sition of the fan relative to the rotor.
[0032] In some implementations, a contour of each
protrusion of the plurality of protrusions corresponds to
a contour of a respective axial end portion of a magnet
pocket of the plurality of magnet pockets in which it is
received so as to restrict rotation of the fan relative to the
rotor.
[0033] In some implementations, an axial length of the
plurality of magnet pockets is greater than an axial length
of the plurality of magnets, and wherein the plurality of
protrusions are received in axial end portions of the plu-
rality of magnet pockets not occupied by the plurality of
magnets.
[0034] In some implementations, a contour of each
protrusion of the plurality of protrusions corresponds to
a respective corner portion of the axial end portion of a
magnet pocket of the plurality of magnet pockets in which
it is received so as to restrict rotation of the fan relative
to the rotor.
[0035] In some implementations, the power tool in-
cludes a recessed area formed in a second side of the
plate portion; and a third bearing mounted on the pro-
truded rear portion of the rotor and configured to support
the rotor, between the recessed area of the plate portion
and a bearing pocket defined in a corresponding portion
of the housing, wherein the third bearing axially con-
strains a position of the fan.
[0036] In another general aspect, a power tool includes
a housing having a rear end portion and a front end por-
tion opposite the rear end portion, the front end portion
corresponding to a working end of the power tool; a motor
assembly received in the housing, the motor assembly
including a stator and a rotor shaft configured to rotate
about a central axis relative to the stator, the rotor shaft
having a rear end portion and a front end portion; a trans-
mission assembly including an input gear rotatably driven
by the rotor shaft and an output shaft that is rotatably
driven upon rotation of the input gear; a rotary impact
mechanism including a hammer received over the output
shaft, and an anvil configured to be driven continuously
or by rotational impacts by the hammer; an output spindle
coupled to a tool holder and rotatably driven by the anvil;
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a first bearing configured to support the rotor shaft; and
a second bearing received in a pocket inside the anvil
and configured to support a front end portion of the output
shaft that is received in the pocket, wherein the second
bearing is the sole bearing that rotatably supports the
transmission assembly.
[0037] In some implementations, the first bearing is the
sole bearing the supports the rotor shaft.
[0038] In some implementations, the transmission as-
sembly further includes a carrier coupled to the output
shaft and at least one planet gear supported by a pin
coupled to the carrier, the planet gear meshing with the
input gear.
[0039] In some implementations, the power tool in-
cludes a rolling disc disposed between the rotor shaft
and a stationary component.
[0040] In some implementations, the stationary com-
ponent is a ring gear of the transmission assembly that
is meshed with the at least one planet gear.
[0041] In some implementations, the stationary com-
ponent is a portion of the housing.
[0042] In some implementations, the stationary com-
ponent is a ring gear mount configured to support a sta-
tionary ring gear of the transmission assembly.
[0043] In some implementations, the rolling disc is sup-
ported by the pin that supports the at least one planet
gear.
[0044] The details of one or more implementations are
set forth in the accompanying drawings and the descrip-
tion below. Other features will be apparent from the de-
scription and drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0045]

FIG. 1A is a side view of an example power tool.
FIG. 1B is a schematic partial cross-sectional view
of the example power tool shown in FIG. 1A.
FIG. 1C is a partial cross-sectional view of the ex-
ample power tool shown in FIG. 1A.
FIG. 1D is an exploded perspective view of an ex-
ample hammer mechanism of the example power
tool shown in FIGs. 1A-1C.
FIG. 1E is a close-in view of an example motor as-
sembly of the example power tool shown in FIGs.
1A-1C.
FIG. 2A is a partial cross-sectional view of an exam-
ple power tool, in accordance with implementations
described herein.
FIG. 2B is a close-in view of an example motor as-
sembly of the example power tool shown in FIG. 2A.
FIG. 3A is a partial cross-sectional view of an exam-
ple power tool, in accordance with implementations
described herein.
FIG. 3B is a close-in view of an example motor as-
sembly of the example power tool shown in FIG. 3A.
FIG. 4A is a partial cross-sectional view of an exam-

ple power tool, in accordance with implementations
described herein.
FIG. 4B is a close-in view of an example motor as-
sembly of the example power tool shown in FIG. 4A.
FIG. 5A is a partial cross-sectional view of an exam-
ple power tool, in accordance with implementations
described herein.
FIG. 5B is a close-in view of an example motor as-
sembly of the example power tool shown in FIG. 5A.
FIG. 6A is a partial cross-sectional view of an exam-
ple power tool, in accordance with implementations
described herein.
FIG. 6B is a close-in view of an example motor as-
sembly of the example power tool shown in FIG. 6A.
FIG. 7A is a partial cross-sectional view of an exam-
ple power tool, in accordance with implementations
described herein.
FIG. 7B is a close-in view of an example motor as-
sembly of the example power tool shown in FIG. 7A.
FIG. 7C is a perspective view of an example rotor of
the example power tool shown in FIG. 7A.
FIG. 7D is a perspective view of an example fan cou-
pled to the example rotor shown in FIG. 7C.
FIG. 7E is a disassembled cross-sectional view, tak-
en along line E-E of FIG. 7D.
FIG. 7F is an assembled cross-sectional view, taken
along line E-E of FIG. 7D.
FIG. 7G is an exploded perspective view of an ex-
ample drive assembly.
FIG. 7H is an assembled perspective view of the
example drive assembly shown in FIG. 7F.
FIG. 7I is a cross-sectional view taken along line F-
F of FIG. 7H.
FIG. 7J is a partially assembled perspective view of
an example fan, and example rotor, and the example
drive assembly shown in FIGs. 7G and 7H.
FIG. 7K is an assembled view of the example fan,
the example rotor, and the example drive assembly.
FIG. 7L is a cross-sectional view taken along line G-
G of FIG. 7K.
FIG. 8A is a partial cross-sectional view of an exam-
ple power tool, in accordance with implementations
described herein.
FIG. 8B is a close-in view of an example motor as-
sembly of the example power tool shown in FIG. 8A.
FIG. 8C is a perspective view of an example fan of
the example power tool shown in FIG. 8A.
FIG. 9 is a partial cross-sectional view of an example
power tool, in accordance with implementations de-
scribed herein.
FIG. 10A is a perspective view, and FIG. 10B is a
side view, illustrating internal components of the ex-
ample power tool, in accordance with implementa-
tions described herein.
FIGs. 10C and 10D are partial cross-sectional views,
and FIGs. 10E-10G are perspective views, of com-
ponents of an example impact mechanism 1400 of
the example power tool shown in FIGs. 10A and 10B.
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FIGs. 10H-10J are perspective views of an example
cam carrier of the example power tool shown in FIGs.
10A and 10B.

DETAILED DESCRIPTION

[0046] Example implementations will now be de-
scribed more fully with reference to the accompanying
drawings. It is to be understood that both the foregoing
general description and the following detailed description
are provided for purposes of discussion and illustration
only, and are intended to provide an explanation of var-
ious implementations of the present teachings.
[0047] FIG. 1A is a side view of an example power tool
100, in the form of an example impact tool. FIG. 1B is a
partial cross-sectional schematic view of the example
power tool 100 shown in FIG. 1A. FIG. 1C is a partial
cross-sectional view of the example power tool 100
shown in FIG. 1A. FIG. 1D is an exploded view of an
example transmission assembly and an example impact
mechanism 140 of the example power tool 100 shown in
FIG. 1A.
[0048] In the example shown in FIGs. 1A and 1B, the
example power tool 100 includes a housing 190 having
a motor housing portion 193 and a transmission housing
portion 191 coupled to the motor housing portion 193.
The motor housing portion 193 includes two clamshells
that come together to house a motor assembly 110 that
rotatably drives a rotor shaft 102. The transmission hous-
ing portion 191 houses a transmission assembly 120 and
an impact mechanism 140 that together selectively im-
part a rotary motion and/or a rotary impact motion to an
output spindle 160. Example implementations described
herein include an impact mechanism 140, simply for pur-
poses of discussion and illustration. The principles de-
scribed herein may be applied to rotary power driven tools
that do not include an impact mechanism. For example,
in some implementations, the power tool may be a drill
that does not include an impact mechanism, such that
the power tool imparts only rotary motion to the output
spindle, or may be a hammer drill and may include an
axially oriented impact mechanism so that rotary motion
and axial impacts are transmitted to the output spindle.
A tool holder 170 is coupled to the output spindle 160.
The tool holder 170 is configured to retain an accessory
tool (e.g., a drill bit, a screw driving bit, a socket wrench,
and other such accessory tools, not shown). Further de-
tails regarding example tool holders are set forth in U.S.
patent application Ser. 12/394,426. In alternative imple-
mentations, the tool holder may comprise a keyed or key-
less chuck or a collet.
[0049] The example power tool 100 includes a handle
192 that extends transverse to the housing 190. The han-
dle 192 may accommodate a trigger 196, a control and/or
power module (not shown) that includes control electron-
ics and switching components for driving the motor as-
sembly 110, and a battery receptacle 194 that receives
a removeable power tool battery pack for supplying elec-

tric power to the motor assembly 110. The handle 192
has a proximal portion coupled to the housing 190 and
a distal portion coupled to the battery receptacle 194.
The motor assembly 110 may be powered by an electrical
power source, such as a DC power source or battery (not
shown), that is coupled to the battery receptacle 194, or
by an AC power source. In some examples, the trigger
196 is coupled at a portion of the handle 192 adjacent
the housing 190. The trigger 196 connects the electrical
power source to the motor assembly 110 via the control
and/or power module, which controls power delivery to
the motor assembly 110. The rotor shaft 102 rotates in
response to power supplied to the motor assembly 110.
Rotation of the rotor shaft 102 generates a rotational force
that is transmitted to an accessory tool coupled to the
example power tool by the tool holder 170, via the trans-
mission assembly 120 and the output spindle 160, to per-
form an operation on a workpiece.
[0050] As shown in FIGs. 1C and 1D, in some exam-
ples, the transmission assembly 120 may be a planetary
transmission including, among other features, a pinion
or sun gear 122 that is coupled to an end of the rotor
shaft 102 of the motor assembly 110, and that extends
along a tool axis X into a cavity 121 formed in the cam
shaft 129 of the carrier 126 and defining a bearing pocket
for the front motor bearing within the cam shaft 129. One
or more planet gears 124 are positioned surrounding the
sun gear 122. Teeth on an outer circumferential surface
of the one or more planet gears 124 mesh with the teeth
on an outer circumferential surface of the sun gear 122.
An outer ring gear 123 is rotationally fixed to the housing
190 and centered on the tool axis X. Teeth formed on an
inner circumferential surface of the outer ring gear 123
mesh with the teeth on the planet gears 124.
[0051] A carrier 126 (which may be part of a cam car-
rier) includes a pair of carrier plates, i.e., a first, or rear
carrier plate 126A and a second, or front carrier plate
126B, that support the one or more planet gears 124.
Each of the planet gears 124 is mounted on a pin 125
extending between the rear carrier plate 126A and the
front carrier plate 126B, so that the planet gears 124 can
rotate about the pins 125. In other implementations, the
carrier 126 may only have a single carrier plate with the
pins coupled to the single carrier plate. The carrier 126
includes a rearward projection 127 having an annular
body that extends axially rearward from the rear carrier
plate 126A along the tool axis X. The carrier may be in-
tegrally or non-integrally coupled to a cam shaft 129 that
extends axially forward from the front carrier plate 126B
along the tool axis X to form the cam carrier. In other
implementations the carrier 126 may be integrally or non-
integrally coupled directly to the output spindle or may
be coupled to other transmission components such as a
sun gear for another planetary transmission stage, a
clutch, or a spindle lock assembly.
[0052] In response to the application of power to the
motor assembly 110, the rotor shaft 102 and the sun gear
122 rotate about the axis X. Rotation of the sun gear 122
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causes the planet gears 124 to orbit the sun gear 122
about the axis X, which in turn causes the carrier 126 to
rotate about the axis X at a reduced speed relative to the
rotational speed of the rotor shaft 102. In the example
shown in FIGs. 1C and 1D, the transmission assembly
120 includes a single planetary stage, simply for purpos-
es of discussion and illustration. The principles to be de-
scribed herein can be applied to an arrangement includ-
ing multiple planetary stages that may provide for multiple
speed reductions, and that each stage can be selectively
actuated to provide for multiple different output speeds
of the carrier 126. In some examples, the transmission
assembly 120 may include a different type of gear system
such as, for example, a parallel axis transmission, a spur
gear transmission, and the like.
[0053] In the example arrangement shown in FIGs. 1C
and 1D, the impact mechanism 140 includes the cam
shaft 129, with a generally cylindrical hammer 142 re-
ceived over the cam shaft 129. In some examples, the
hammer 142 may selectively engage the output spindle
160, based on a position of the hammer 142 on the cam
shaft 129. That is, the hammer 142 may be movably cou-
pled on the cam shaft 129. The hammer 142 may include
lugs 145 configured to engage corresponding projections
146 extending radially from an anvil 144 fixedly coupled
on the output spindle 160. A pair of rear-facing V-shaped
cam grooves 147 may be formed on an outer surface of
the cam shaft 129. Open end portions of the V-shaped
cam grooves 47 may be oriented toward the transmission
assembly 120. The hammer 142 may be movably cou-
pled to the cam shaft 129, with relative movement ther-
ebetween guided by, for example, balls 149 received in
the V-shaped cam grooves 147. In this example, a com-
pression spring 141 is received in a cylindrical recess in
the hammer 142, abutting a forward face of the front car-
rier plate 126B. The spring 141 biases the hammer 142
toward the anvil 144 so that the
lugs 145 engage the corresponding projections 146
formed on the anvil 144. An example of an impact mech-
anism is further described in U.S. Pat. App. Pub. No.
2019/0344411, filed July 26, 2019.
[0054] At low torque levels, the impact mechanism 140
transmits torque from the transmission assembly 120 to
the output spindle 160 in a rotary mode of operation of
the power tool 100. In the rotary mode, the compression
spring 141 maintains the hammer 142 in a forward posi-
tion so that the lugs 145 continuously engage the projec-
tions 146. This causes the cam shaft 129, the hammer
142, the anvil 144, and the output spindle 160 to rotate
together as a unit about the axis X. As torque increases,
the impact mechanism 140 may transition to transmitting
torque to the output spindle 160 in an impact mode. Dur-
ing operation of the example power tool 100 in the impact
mode, the hammer 142 moves axially rearward against
the force of the spring 141, decoupling the lugs 145 from
the projections 146. The anvil 44 continues to spin freely
about the axis X, though driven by the motor assembly
110 and the transmission assembly 120, so that the anvil

144 coasts to a slower speed than the hammer 142. The
hammer 142 continues to be driven at a higher speed by
the motor assembly 110 and transmission assembly 120,
while the hammer 142 moves axially rearward relative to
the anvil 144 by the movement of the balls 149 in the V-
shaped cam grooves 147. When the balls 149 reach a
rearmost position in the V-shaped cam grooves 147, the
spring 141 drives the hammer 142 axially forward with a
rotational speed that exceeds the rotational speed of the
anvil 144. This causes the lugs 145 to rotationally strike
the projections 146, imparting a rotational impact to the
output spindle 160.
[0055] In some examples, the motor assembly 110 is
a brushless direct-current (BLDC) motor that includes an
inner rotor 104 having surface-mount rotor magnets 106
on a rotor core 108, and a stator assembly 111 located
around the rotor 104. The stator assembly 111 includes
a stator core 112 having a series of teeth 114 projecting
radially inward from the stator core 112, and a series of
conductive windings 113 wound around the stator teeth
114 to define three phases connected in a wye or a delta
configuration. As the phases of the stator assembly 111
are sequentially energized, they interact with the rotor
magnets 106 to cause rotation of the rotor 104 relative
to the stator assembly 111.
[0056] In some examples, the rotor core 108 is mount-
ed on the rotor shaft 102 and includes an annular recess
116 around the rotor shaft 102, on one side of the rotor
core 108. In the example shown in FIGs. 1C and 1D, the
rotor 104 is provided with what is referred to in this dis-
closure as an open-core construction, where the rotor
magnet 106 is mounted around the core 112 and the
annular recess 116 is provided within the core 112 for
positioning of one or more of the rotor bearings. The core
112 may be made of a solid core piece of metal or lam-
ination stack that includes a series of parallel laminations.
The annular recess 116 may be carved or stamped out
of the core 112, or it may be formed using ring-shaped
laminations.
[0057] In the example shown in FIGs. 1C-1E, the rotor
magnet 106 has a ring configuration that is surface-
mounted on the outer surface of the rotor core 108 and
magnetized in a series of poles, e.g., four poles having
a S-N-S-N orientation. In some examples, the rotor mag-
net 106 may be provided as a series of discrete magnet
segments that may be pre-magnetized prior to assembly,
with the outer surface of the rotor core 108 shaped for
retention of the magnet segments. In some examples,
the rotor magnets 106 may be fully or partially embedded
within the rotor core 108.
[0058] In some examples, a fan 118 is mounted on the
rotor shaft 102 behind the motor assembly 110. A tool
cap 198 may be mounted to the end of the housing 190
to contain the end of the motor assembly 110. The tool
cap 198 may be provided integrally with the housing 190
or as a separate piece. In some examples, the fan 118
is positioned between the motor assembly 110 and the
tool cap 198. The fan 118 generates airflow through the
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motor assembly 110 and the transmission assembly 120
to cool the components.
[0059] In some examples, a ring gear mount 130 sup-
ports a front motor bearing 156 and a rear motor bearing
158 supporting the rotor shaft 102. In the example shown
in FIG. 1C, at least the rear motor bearing 158 is located
within the stator assembly 111 and within the annular
recess 116 defined by the rotor core 108 along the axial
direction of the motor assembly 110, such that the rear
motor bearing 158 intersects a portion of the rotor core
108 along a radial plane. The ring gear mount 130 in-
cludes a cylindrical portion 132 that receives the outer
races of the motor bearings 156 and 158 and a radial
portion 134 that extends radially from the cylindrical por-
tion 132 and includes radial ends supported by the tool
housing 190. The stator assembly 111 is also supported
by the tool housing 190, thus being axially and radially
secure with respect to the ring gear mount 130. In this
manner, the ring gear mount 130 axially and radially sup-
ports the rotor 104 within the stator assembly 111. In
some examples, the ring gear mount 130 and the stator
assembly 111 may be independently supported by the
tool housing 190. In some examples, the ring gear mount
130 may be formed integrally as a part of two clamshells
that form the tool housing 190. In some examples, the
ring gear mount 130 may be piloted to and retained by
the stator assembly 111 directly and independently of
the tool housing 190.
[0060] As shown in FIG. 1C, in some examples, the
ring gear mount 130 includes a front lip 131 that supports
a component of the transmission assembly1 20, such as,
for example, the ring gear 123, to inhibit axial and rota-
tional movement of the ring gear 123 relative to the hous-
ing 190. In some examples, the ring gear mount 130 sup-
ports a cam carrier bearing 154 that supports the carrier
126 relative to the ring gear mount 130, and therefore
relative to the motor assembly 110 and the tool housing
190. The cam carrier bearing 154 is nested within the
ring gear mount 130 adjacent the motor assembly 110.
Specifically, in this example arrangement, the ring gear
mount 130 is positioned between the motor assembly
110 and the transmission assembly 120, and provides
support for the motor bearings 156 and 158 on one side,
and provides support for the cam carrier bearing 154 on
the other side. In some examples, the ring gear mount
130 includes a recessed portion 136 having a larger di-
ameter than the radial portion 134, such that the recessed
portion 136 is sized to receive the cam carrier bearing
154 therein. The cam carrier bearing 154 is thus located
axially forward of the motor assembly 110.
[0061] At least a portion of the ring gear mount 130 is
received within the stator assembly 111 and within the
rotor core 108. In this example, the rear cylindrical pro-
jection of the ring gear mount 130 that supports the motor
bearings 156 and 158 is at least partially received within
the stator assembly 111 and within the rotor core 108. In
this example, the nested arrangement of motor bearings
156 and 158 and the ring gear mount 130 provide a com-

pact motor assembly 110 compared to conventionally
available brushless motors. Disposition of the motor
bearings 156 and 158 and at least a portion of the ring
gear mount 130 within the stator assembly 111 and within
the rotor core 108 reduces the length of the motor as-
sembly 110, reduces the overall length of the power tool
100, and improves power density.
[0062] In some examples, the motor assembly 110 de-
fines a motor envelope 180 bounded by a rear plane 182
at a rearmost portion of the motor assembly 110 (i.e., at
the rearmost point of the stator assembly 111), a front
plane 184 at a frontmost portion of the motor assembly
110 (i.e., at the frontmost point of the stator assembly
111), and a generally cylindrical boundary 186 extending
from the rear plane 182 to the front plane 184 and sur-
rounding a radially outermost portion of the motor as-
sembly 110 (e.g., a radially outermost portion of the stator
assembly 111) not including terminal block 151. In the
example shown in FIG. 1E, the rear plane 182 is at a
rearmost portion of the stator assembly 111 (including
the windings 113), the front plane 184 is at a frontmost
point of the stator assembly 11 (including the windings
113), and the generally cylindrical boundary 186 sur-
rounds a radially outermost portion of the stator assembly
111. In some examples, the rear plane may be defined
at a rearmost point of the rotor 104, if the rotor 104 ex-
tends further rearward than the stator assembly 111, the
front plane may be defined at a frontmost point of the
rotor 104, if the rotor 104 extends further frontward than
the stator assembly 111, and the generally cylindrical
boundary may defined be at an outermost point of the
rotor 104, if the rotor 104 extends further radially outward
than the stator assembly 11 (for example, as would be
the case in an outer rotor motor). The motor envelope
180 may have a length L1 from the rear plane 182 to the
front plane 184. The motor envelope 180 may have a
diameter D1 corresponding to the cylindrical boundary
186. In some examples, at least a portion of at least one
of the motor bearings 156 and 158 and at least a portion
of the ring gear mount 130 are received within the motor
envelope 180.
[0063] FIGs. 2A and 2B present an example power tool
200, in accordance with implementations described
herein. In particular, FIG. 2A is a partial cross-sectional
view of the example power tool 200, and FIG. 2B is a
zoomed-in partial cross-sectional view of the example
power tool 200.
[0064] The example power tool 200 shown in FIGs. 2A
and 2B includes a motor assembly 210 and a ring gear
mount 230 that are physically configured to provide for
a reduced overall length of the power tool 200 (for exam-
ple, compared to an overall length of the power tool 100
described above with respect to FIGs. 1A-1E). Many fea-
tures of the example power tool 200 are similar to features
of the power tool 100 described above with respect to
FIGs. 1A-1E, such as, for the example the transmission
assembly 120, the impact mechanism 140, the output
spindle 160, the tool holder 170, the housing 190 includ-
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ing the handle 192, the trigger 196, the receptacle 194,
and the like. Thus, duplicative detailed description there-
of will not be repeated except as necessary.
[0065] In the example shown in FIGs. 2A and 2B, the
ring gear mount 230 is configured to position the cam
carrier bearing along substantially the same radial plane
as at least an end of the stator windings, so that the cam
carrier bearing is positioned at least partially within an
envelope defined by the ends of the motor assembly 210.
In some examples, the motor assembly 210 includes a
rotor shaft 202, an inner rotor 204 mounted on the rotor
shaft 202 with a ring shaped surface-mount rotor magnet
206 on a rotor core 208, and a stator assembly 211 po-
sitioned around the rotor 204. The stator assembly 211
includes a stator core 212, a series of stator teeth 214
radially projecting inwardly from the core 212, and a se-
ries of conductive windings 113 wound around the stator
teeth 214 to define three phases connected in a wye or
a delta configuration.
[0066] In this arrangement, the motor assembly 210
defines the tool axis X extending along a longitudinal cen-
terline of the rotor shaft 202, from a rear end portion of
the power tool 300 (i.e., an end portion of the power tool
200 corresponding to the tool cap 198) to a front end
portion of the power tool 200 (i.e., an end portion of the
power tool 200 corresponding to the tool holder 170). In
this disclosure, the terms "rear" and "front" are used to
describe relative positions of various components along
the tool axis X. Thus, as an example, in the arrangement
shown in FIGs. 2A and 2B, the motor assembly 210 is
disposed rearward of the transmission assembly 120.
[0067] In the example shown in FIGs. 2A and 2B, the
rotor core 208 is mounted on the rotor shaft 202. An an-
nular recess 216 is formed around the rotor shaft 202,
on one side of the rotor core 208, for positioning of one
or more of a first, or front motor bearing 256 and/or a
second, or rear motor bearing 258. The core 212 may be
made of a solid core piece of metal or lamination stack
that includes a series of parallel laminations. In some
examples, the annular recess 216 is carved or stamped
out of the core 212. In some examples, the annular recess
216 is formed using ring-shaped laminations. The rotor
magnet 206 may be ring-shaped or segmented, and it
may be surface-mounted or embedded within the rotor
core 208.
[0068] In this example arrangement, the ring gear
mount 230 includes a first bearing pocket 232 formed as
a cylindrical or rim-shaped projection extending from a
radial portion 234 of the ring gear mount 230, for sup-
porting at least the front motor bearing 256. The first bear-
ing pocket 232 of the ring gear mount 230 at least partially
projects into and is received within the annular recess
216 of the rotor 204. This allows the front motor bearing
256 to be received at least partially within the stator as-
sembly 211 and within an envelope defined by the radial
surfaces of the rotor core 208.
[0069] In the example shown in FIGs. 2A and 2B, the
ring gear

mount 230 includes a second bearing pocket 236 for sup-
porting a cam carrier bearing 254. The second bearing
pocket 236 may be formed as a recessed portion of the
radial portion 234 of the ring gear mount 230 facing away
from the first bearing pocket 232. In some examples, the
second bearing pocket 236 is formed as an intermediate
annular portion formed between the radial portion 234
and a radial wall 235, where the radial portion 234 is
located along a radial plane that intersects a portion of
the stator assembly 211, and the radial wall 235 is located
adjacent a front end portion of the stator assembly 211.
As such, the radial portion 234 extends between a front
end of the first bearing pocket 232 and a rear end of the
second bearing pocket 236. In some examples, the radial
wall 235 extends radially outward from the front end of
the second bearing pocket 236 and is supported by either
the tool housing 190 or the stator assembly 211. In some
examples, the ring gear mount 230 includes an outer rim
portion or a lip 231 projecting axially forward from an
outer circumference of the radial wall 235 for coupling
with a corresponding portion of the transmission housing
portion 191 and/or the tool housing 190 and for receiving
and supporting a component of the transmission assem-
bly 120, such as the ring gear 123 of the transmission
assembly 120.
[0070] In some examples, an inner diameter of the sec-
ond bearing pocket 236 is greater than an inner diameter
of the first bearing pocket 232. In some examples, the
inner diameter of the second bearing pocket 236 is sub-
stantially the same as the outside surface of the rotor
core 208. In some examples, the outer surface of the
second bearing pocket 236 is received within the opening
of the stator assembly 211, i.e., within the inner diameter
formed by front end portions of the stator windings 213
adjacent the rotor 204. In some examples, the outer an-
nular surface of the second bearing pocket 236 may be
in physical contact with the stator windings 213 or a front
end insulator 219 of the stator assembly 211. In some
examples, a relatively small air gap 217 radially sepa-
rates the outer annular surface of the second bearing
pocket 236 from the stator windings 213 and the front
end insulator 219 of the stator assembly 211.
[0071] In some examples, the cam carrier bearing 254
is received within the second bearing pocket 236 so that
it is at least partially nested within the stator assembly
211 along a radial plane that intersects the front end por-
tions of the stator windings 213.
[0072] In some examples, the motor assembly 210 de-
fines a motor envelope 280 similar to the motor envelope
180 of the motor assembly 110 described above. The
motor envelope 280 is bounded by a rear plane 282 at a
rearmost portion of the motor assembly 210 (i.e., at the
rearmost portion of the stator assembly 211), a front
plane 284 at a frontmost portion of the motor assembly
210, and a generally cylindrical boundary 286 extending
from the rear plane 282 to the front plane 284 and sur-
rounding a radially outermost portion of the motor as-
sembly 210 (e.g., a radially outermost portion of the stator
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assembly 211). In the example arrangement shown in
FIGs. 2A and 2B, the rear plane 282 is at a rearmost
portion of the stator assembly 211 (including the stator
windings 213), the front plane 284 is at a frontmost point
of the stator assembly 211 (including the stator windings
213), and the generally cylindrical boundary 286 sur-
rounds a radially outermost portion of the stator assembly
211 (not including the terminal block 251). In some ex-
amples, the rear plane may be at a rearmost portion of
the rotor 204 (if the rotor 204 extends further rearward
than the stator assembly 211), the front plane may be at
a frontmost portion of the rotor 204 (if the rotor 204 ex-
tends further frontward than the stator assembly 211),
and the generally cylindrical boundary may be at an out-
ermost portion of the rotor 204 (if the rotor 204 extends
further radially outward than the stator assembly 211,
such as, for example, in an outer rotor motor). As shown
in FIG. 2B, the motor envelope 280 may have a length
L2 from the rear plane 282 to the front plane 284 and a
diameter D2 of the cylindrical boundary 286. In some
examples, at least a portion of the front motor bearing
256 and at least a portion of the ring gear mount 230 are
received within the motor envelope 280.
[0073] In the example arrangements shown in FIGs.
1C-1E, 2A and 2B, depending on a length of the rotor
core 208, the configuration, for example, the shape
and/or the contour, of the ring gear mount 230 together
with the open rotor core 208, allows one or both of the
motor bearings 256 and 258 to be at least partially re-
ceived within the annular recess 216 formed by the core
212. In particular, in the arrangement shown in FIGs. 2A
and 2B, the front motor bearing 256 is supported within
the annular recess 216 of the core 212, with the front
motor bearing 256 positioned within the motor envelope
280, and the cam carrier bearing 254 at least partially
positioned within the motor envelope 280. In the example
arrangement shown in FIGs. 2A and 2B, the rear motor
bearing 258 is supported by the tool cap 198 coupled to
the rear end portion of the tool housing 190. In some
examples, the tool cap 198 includes a radial body that
includes a central bearing pocket for supporting the rear
motor bearing 258.
[0074] In some examples, a fan 218 is mounted on the
rotor shaft 202 to rotate with the rotation of the motor
assembly 210. The fan 218 includes a radial main body
and a plurality of blades facing the stator assembly 211.
In some examples, an inner portion of the fan 218 is re-
cessed to allow the rear motor bearing 258 to be at least
partially nested in the axial direction within the fan 218,
and to be radially aligned with the main body of the fan
218. The bearing pocket defined by the tool cap 198 may
be axially received within the recessed portion of the fan
218, around the rear motor bearing 258, so that position-
ing of the rear motor bearing 258 within the rear tool cap
198 does not pose a significant increase in the overall
length of the motor assembly 210.
[0075] FIGs. 3A and 3B present an example power tool
300, in accordance with implementations described

herein. In particular, FIG. 3A is a partial cross-sectional
view illustrating internal components of the example pow-
er tool 300, and FIG. 3B is a zoomed-in partial cross-
sectional view of internal components of the example
power tool 300.
[0076] The example power tool 300 shown in FIGs. 3A
and 3B includes a motor assembly 310 and a ring gear
mount 330 that are physically configured to provide for
a reduced overall length and/or girth of the power tool
300 (for example, compared to an overall length and/or
girth of the power tool 100 described above with respect
to FIGs. 1A-1E). Many features of the example power
tool 300 are similar to features of the example power tool
100 described above with respect to FIGs. 1A-1E and/or
the example power tool 200 described above with respect
to FIGs. 2A and 2B, such as, for the example the trans-
mission assembly 120, the impact mechanism 140, the
output spindle 160, the tool holder 170, the housing 190
including the handle 192, the trigger 196, the receptacle
194, and the like. Thus, duplicative detailed description
thereof will not be repeated except as necessary.
[0077] In the example shown in FIGs. 3A and 3B, the
motor assembly 310 includes a solid core rotor configu-
ration, rather than the open core rotor configuration of
the example motor assembly 210 described above with
respect to FIGs. 2A and 2B and/or the example motor
assembly 110 described above with respect to FIGs. 1C-
1E. In the example shown in FIGs. 3A and 3B, the motor
assembly 310 includes an embedded magnet configura-
tion, rather than the surface mounted ring configuration
of the magnet of the example motor assembly 210 shown
in FIGs. 2A and 2B.
[0078] As described above, the open core rotor con-
figuration, together with the surface mounted ring con-
figuration of the magnet, of the example motor assembly
210, allows for the front motor bearing 256 to be received
in the annular recess 216 formed within the rotor core
208, piloted by the ring gear mount 230, such that at least
one of the front motor bearing 256 and/or the rear motor
bearing 258 can be received within the envelope 280
defined by the motor assembly 210. In contrast, in the
example motor assembly 310 shown in FIGs. 3A and 3B,
the solid core rotor configuration including the embedded
magnets does not form an annular recess in which the
front motor bearing and/or the rear motor bearing and/or
the cam carrier bearing can be accommodated. Rather,
the example motor assembly 310 shown in FIGs. 3A and
3B includes a ring gear mount 330 configured such that
a front motor bearing can be radially aligned with a cam
carrier bearing, and for both the front motor bearing and
the cam carrier bearing to be substantially radially aligned
with corresponding end portion(s) of stator windings of
the motor assembly 310. In the example arrangement
shown in FIGs. 3A and 3B, the cam carrier (rather than
the ring gear mount 230 as in the example arrangement
shown in FIGs. 2A and 2B) indexes, or sets a location
for, or supports a position of the front motor bearing. The
configuration of the ring gear mount 330 allows for a re-
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duced overall length of the example power tool 300 (for
example compared to the overall length of the example
power tool 100 described above with respect to FIGs.
1A-1E) and/or an overall length that is less than or equal
to the overall length of the example power tool 200 shown
in FIGs. 2A and 2B, but with the motor assembly 310
including the solid core rotor configuration and embed-
ded magnet configuration.
[0079] In some examples, the motor assembly 310 in-
cludes a rotor 304 including magnets 306 mounted in
magnet pockets 307 formed in a rotor core 308. The ex-
ample motor assembly 310 shown in FIGs. 3A and 3B
has an internal permanent magnet configuration in which
the rotor magnets 306 are mounted in the magnet pock-
ets 307 defined in the rotor core 308, such that the rotor
magnets 306 are embedded in the rotor core 308. The
rotor core 308 is mounted on the rotor shaft 302. A stator
assembly 311 is positioned around the rotor 304. The
stator assembly 311 includes a stator core 312 having a
series of teeth projecting radially inward from the stator
core 312, and a series of conductive windings 313 wound
around the stator teeth. As the phases of the stator as-
sembly 311 are sequentially energized, they interact with
the rotor magnets 306 to cause rotation of the rotor 304
relative to the stator assembly 311.
[0080] In the example shown in FIGs. 3A and 3B, the
ring gear mount 330 includes a cylindrical or rim-shaped
portion 333, and a radial portion 334 extending radially
outward from the rim-shaped portion 333 of the ring gear
mount 330. The ring gear mount 330 includes an outer
rim portion or a lip 331 projecting axially forward from the
radial portion 334, for coupling with a corresponding por-
tion of the transmission housing portion 191 and/or the
tool housing 190, and for receiving and supporting a com-
ponent of the transmission assembly 120, such as the
ring gear 123. The rim-shaped portion 333 (for example,
together with corresponding portions of the rear carrier
plate 126A and the rearward projection 127 of the carrier
126) defines a bearing pocket 332 in which a cam carrier
bearing 354 is received. In this example arrangement,
the cam carrier bearing 354 is supported by the ring gear
mount 330, and in particular, the outer race of the cam
carrier bearing 354 is supported by the rim-shaped por-
tion 333 of the ring gear mount 330.
[0081] In the example arrangement shown in FIGs. 3A
and 3B, a front motor bearing 356 is mounted on the rotor
shaft 302, and is piloted, located, set in position, and/or
supported, by the rearward projection 127 of the rear
carrier plate 126A of the carrier 126. In this example ar-
rangement, the rearward projection 127 is fitted between
the front motor bearing 356 and the cam carrier bearing
354. Thus, in this example arrangement, an outer race
of the cam carrier bearing 354 is supported by the (sta-
tionary) ring gear mount 330, with an inner race being
supported by and rotating with the rearward projection
127 of the carrier 126. The outer race of the front motor
bearing 356 is supported by the rearward projection 127,
that rotates with the carrier 126. That is, in this example,

the outer race of the front motor bearing 356 rotates to-
gether with the carrier 126, at a somewhat lower speed
than the inner race of the front motor bearing 356 that
rotates together with the rotor shaft 302.
[0082] In the example arrangement shown in FIGs. 3A
and 3B, a rear motor bearing 358 is supported by the tool
cap 198 coupled to the rear end portion of the tool housing
190. In some examples, a fan 318 is mounted on the
rotor shaft 302 to rotate with the rotation of the motor
assembly 310. In some examples, the fan 318 includes
a radial main body and a plurality of blades facing the
stator assembly 311. In some examples, a central hub
portion of the fan 318 is recessed to allow the rear motor
bearing 358 to be at least partially nested in the axial
direction within the fan 318, and to be radially aligned
with the main body of the fan 318. The bearing pocket
defined by the tool cap 198 may be axially received within
the recessed portion of the fan 318, around the rear motor
bearing 358, so that positioning of the rear motor bearing
358 within the rear tool cap 198 does not pose a signifi-
cant increase in the overall length of the motor assembly
310.
[0083] In the example arrangement shown in FIGs. 3A
and 3B, the front motor bearing 356 has been moved
axially rearward, such that the front motor bearing 356
is substantially radially aligned with the cam carrier bear-
ing 354, and substantially radially aligned with the con-
ductive windings 313, and the front motor bearing 356
and the cam carrier bearing 354 are at least partially re-
ceived within a motor envelope 380 of the motor assem-
bly 310. As described above, the motor envelope 380
may be bounded by a rear plane 382 at a rearmost portion
of the motor assembly 310 (i.e., at the rearmost portion
of the stator assembly 311), a front plane 384 at a front-
most portion of the motor assembly 310, and a generally
cylindrical boundary 386 extending from the rear plane
382 to the front plane 384 and surrounding a radially out-
ermost portion of the motor assembly 310 (e.g., a radially
outermost portion of the stator assembly 311). The motor
envelope 380 may have a length L3 from the rear plane
382 to the front plane 384 and a diameter D3 of the cy-
lindrical boundary 386. In some examples, at least a por-
tion of the front motor bearing 356 and at least a portion
of the cam carrier bearing 354 are received within the
motor envelope 380. In some examples, the length L3
associated with the motor assembly 310 shown in FIGs.
3A and 3B may be less than or equal to the length L2
associated with the motor assembly 210 shown in FIGs.
2A and 2B. In some examples, the diameter D3 associ-
ated with the motor assembly 310 shown in FIGs. 3A and
3B may be less than or equal to the diameter D2 asso-
ciated with the motor assembly 210 shown in FIGs. 2A
and 2B.
[0084] In some implementations, the length L3 of the
example motor assembly 310 may be between approx-
imately 16.0 mm and 19.4 mm. In some examples, the
length L3 may be smaller than or equal to approximately
17.7 mm. In some implementations, the diameter D3 of
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the example power tool 300 may be between approxi-
mately 46.0 mm and 56.0 mm. In some examples, the
diameter D3 may be smaller than or equal to approxi-
mately 51.0 mm. In some implementations, an overall
axial length of the example power tool 300 may be be-
tween approximately 89.0 mm and 109.0 mm. In some
examples, the overall axial length of the example power
tool 300 may be smaller than or equal to approximately
99.5 mm. In some implementations, an overall girth of
the example power tool 300 may be between approxi-
mately 60.0 mm and 72.0 mm. In some examples, the
overall girth of the example power tool 300 may be small-
er than or equal to approximately 66.0 mm. In some im-
plementations, an axial length from a front end portion
of the motor assembly 310 (i.e., frontmost part of the
conductive windings 313) to a rear end portion of the
carrier 126 (i.e., rearmost part of the rear carrier plate
126A) is between approximately 3.0 mm and 5.5 mm. In
some examples, the axial length from the front end por-
tion of the motor assembly 310 to the rear end portion of
the carrier 126 is smaller than or equal to approximately
5.0 mm, preferably smaller than or equal to approximate-
ly 4.6 mm, more preferably smaller than or equal to ap-
proximately 4.2 mm. Accordingly, In some implementa-
tions, an axial length from a rear end portion of the motor
assembly 310 to a front end portion of the tool holder 170
is between approximately 85.0 mm and 104.0 mm. In
some examples, the axial length from the rear end portion
of the motor assembly 310 to the front end portion of the
tool holder 170 is smaller than or equal to approximately
94.37 mm. In some implementations, an inner diameter
of the ring gear mount 330 is between approximately 21.6
mm and 26.4 mm. In some examples, the inner diameter
of the ring gear mount 330 is smaller than or equal to
approximately 24.0 mm. In some implementations, an
outer diameter of the ring gear mount 330 is between
approximately 46.8 mm and 57.2 mm. In some examples,
the outer diameter of the ring gear mount 330 is smaller
than or equal to approximately 52.0 mm. In some exam-
ples, a maximum operating voltage of the removeable
power tool battery pack coupled to the power tool is in
the range of approximately 20V to 80V, and a nominal
voltage of the battery pack is in the range of 18V to 72V.
In some examples, a maximum output power of the motor
assembly 310 is between approximately 396.0 W and
484.0 W when using a 20V battery pack, with a current
drawn by the motor assembly 310 between approximate-
ly 22.0 amps and 27.0 amps. In some examples, the out-
put power of the motor assembly 310 is greater than or
equal to approximately 440 W when using an 20V max
battery pack, with current drawn by the motor assembly
310 being greater than or equal to approximately 24.5
amps. Thus, in power tool 300, a ratio of the maximum
power output of the motor assembly 310 to the axial
length from the front end portion of the motor assembly
310 to the rear end portion of the carrier 126 is greater
than or equal to approximately 86 W/mm, preferably
greater than or equal to approximately 90 W/mm, more

preferably greater than or equal to approximately 94
W/mm. In some implementations, an output torque of the
example power tool 300 is between approximately
1642.0 in-lbs and 2007 in-lbs when using a 20V max
battery pack. In some examples, the output torque of the
example power tool 300 is greater than or equal to ap-
proximately 1825 in-lbs when using a 20V max battery
pack. In some examples, the output torque of the exam-
ple power tool 300 is greater than or equal to 2400 in-lbs.
[0085] FIGs. 4A and 4B present an example power tool
400, in accordance with implementations described
herein. In particular, FIG. 4A is a partial cross-sectional
view of internal components of the example power tool
400, and FIG. 4B is a zoomed-in partial cross-sectional
view of the internal components the example power tool
400.
[0086] The example power tool 400 shown in FIGs. 4A
and 4B includes a motor assembly and a ring gear mount
that are physically configured to provide for a reduced
overall length and/or girth of the power tool 400, together
with the fitting of a front motor bearing in a cavity formed
within a cam shaft and defining a bearing pocket for the
front motor bearing (for example, compared to an overall
length and/or girth of the power tool 100 described above
with respect to FIGs. 1A-1E). Many features of the ex-
ample power tool 400 are similar to features of the power
tool 100 described above with respect to FIGs. 1A-1E
and/or the example power tool 200 described above with
respect to FIGs. 2A and 2B, and/or the example power
tool 300 described above with respect to FIGs. 3A and
3B, such as, for the example the transmission assembly
120, the impact mechanism 140, the output spindle 160,
the tool holder 170, the housing 190 including the handle
192, the trigger 196, the receptacle 194, and the like.
Thus, duplicative detailed description thereof will not be
repeated except as necessary.
[0087] In the example shown in FIGs. 4A and 4B, the
motor assembly 410 includes a solid core rotor configu-
ration, rather than the open core rotor configuration de-
scribed above with respect to FIGs. 1C-2B. In the exam-
ple shown in FIGs. 4A and 4B, the motor assembly 410
includes an embedded magnet configuration, rather than
the surface mounted ring configuration of the magnet of
the example motor assembly 210 shown in FIGs. 2A and
2B. As described above, due to the solid core rotor con-
figuration including the embedded magnets of the exam-
ple motor assembly 410 shown in FIGs. 4A and 4B, the
rotor does not form an annular recess in which the front
motor bearing and/or the rear motor bearing and/or the
cam carrier bearing can be accommodated. Rather, in
the example motor assembly 410 shown in FIGs. 4A and
4B, the front motor bearing is received in a cavity formed
in the cam shaft of the cam carrier that defines a bearing
pocket for the front motor bearing, with a ring gear mount
430 configured such that the cam carrier bearing can be
substantially radially aligned with corresponding end por-
tion(s) of stator windings of the motor assembly 410. The
press fit of the front motor bearing in the cavity formed
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in the cam shaft 129 of the carrier 126, with the cam
carrier bearing at least partially accommodated within a
motor envelope of the motor assembly 410, allows for a
reduced overall length of the example power tool 400 (for
example compared to the overall length of the power tool
100 described above with respect to FIGs. 1A-1E) and/or
an overall length that is less than or equal to the overall
length of the example power tool 200 shown in FIGs. 2A
and 2B and/or the example power tool 300 shown in FIGs.
3A and 3B.
[0088] The example motor assembly 410 includes a
rotor 404 including magnets 406 mounted in magnet
pockets 407 formed in a rotor core 408 mounted on a
rotor shaft 402. In this internal permanent magnet con-
figuration, the rotor magnets 406 are essentially embed-
ded in the rotor core 408. A stator assembly 411 is posi-
tioned around the rotor 404. The stator assembly 411
includes a stator core 412 having a series of teeth pro-
jecting radially inward from the stator core 412, and a
series of conductive windings 413 wound around the sta-
tor teeth. As the phases of the stator assembly 411 are
sequentially energized, they interact with the rotor mag-
nets 406 to cause rotation of the rotor 404 relative to the
stator assembly 411.
[0089] In the example shown in FIGs. 4A and 4B, the
ring gear mount 430 includes a cylindrical or rim-shaped
portion 433, and a radial portion 434 extending radially
outward from a first axial end portion of the rim-shaped
portion 433. An outer rim portion or a lip 431 projects
axially forward from the radial portion 434, for coupling
with a corresponding portion of the transmission housing
portion 191 and/or the tool housing 190, and for receiving
and supporting a component of the transmission assem-
bly 120, such as the ring gear 123.
[0090] In the example arrangement shown in FIGs. 4A
and 4B, a front motor bearing 456 is received within the
cavity 121 formed in the cam shaft 129 of the carrier 126
that defines the bearing pocket in the cam shaft 129. In
particular, in this example arrangement, the front motor
bearing 456 is fitted on an end portion of the pinion form-
ing the sun gear 122, and is press fit within the walls of
the cavity 121. In this example, the rim-shaped portion
433 (for example, together with corresponding portions
of the rear carrier plate 126A and the rearward projection
127 of the carrier 126) defines a bearing pocket 432 in
which a cam carrier bearing 454 is received. Thus, in this
example arrangement, the cam carrier bearing 454 re-
mains radially aligned with the conductive windings 413
of the stator assembly 411, at least partially received with-
in the motor envelope 480, while the front motor bearing
456 has been positioned axially forward (for example,
compared to the position of the front motor bearing 356
shown in FIGs. 3A and 3B).
[0091] Axial movement of the front motor bearing 456
in this manner makes additional space available in the
area of the cam carrier bearing 454. In some examples,
this additional space may be used to accommodate a
larger, more robust cam carrier bearing 454, increasing

surface area contact between the cam carrier cam carrier
bearing 454 and the ring gear mount 430. In some ex-
amples, this additional space may be used to accommo-
date an increase in size of the rim-shaped portion 433 of
the ring gear mount 430, to provide more robust support
to the cam carrier bearing 454. In some examples, this
additional space may be used to accommodate both a
larger cam carrier bearing 454 and also a larger rim-
shaped portion 433 of the ring gear mount 430. A more
robust cam carrier bearing 454 and/or more robust sup-
port of the cam carrier bearing 454 (by a larger rim-
shaped portion 433 of the ring gear mount 430) may pro-
vide improved resistance to axial rearward movement of
the impact mechanism 140 during operation of the ex-
ample power tool 400 in the impact mode of operation,
i.e., rearward axial movement of the impact mechanism
140 toward/into the motor envelope 480. In some exam-
ples, a more robust cam carrier bearing 454 and/or more
robust support of the cam carrier bearing 454 (by a larger
rim-shaped portion 433 of the ring gear mount 430) may
direct forces generated due to operation of the impact
mechanism 140 back into the housing 190 via the ring
gear mount 430, thus reducing vibration experienced by
the user operating the power tool 400 in the impact mode
of operation.
[0092] In this example arrangement, the outer race of
the cam carrier bearing 454 is supported by the rim-
shaped portion 433 of the ring gear mount 430, which is
fixed to the housing 190 and thus remains substantially
stationary. The inner race of the cam carrier bearing 454
is supported on the rearward projection 127 of the carrier
126, such that the inner race of the cam carrier cam car-
rier bearing 454 rotates together with the carrier 126,
while the outer race of the cam carrier bearing 454 re-
mains substantially stationary.
[0093] In the example arrangement shown in FIGs. 4A
and 4B, the press fit of the front motor bearing 456 bearing
pocket defined in the cavity 121 of the cam shaft 129
limits axial movement of the front motor bearing 456 rel-
ative to the carrier 126. The inner race of the front motor
bearing 456 is fitted on a distal end portion of the pinion
that is coupled on the rotor shaft 402, and that includes
the sun gear 122, such that the inner race of the front
motor bearing 456 rotates together with/at substantially
the same rotational speed as the rotor shaft 402/sun gear
122. The outer race of the front motor bearing 456 is
press fit in the bearing pocket defined in the cavity 121
formed in the cam shaft 129, such that the outer race of
the front motor bearing 456 rotates together with/at sub-
stantially the same rotational speed as the carrier 126.
Thus, the outer race of the front motor bearing 456 rotates
at a slower speed than the inner race of the front motor
bearing 456.
[0094] In the example arrangement shown in FIGs. 4A
and 4B, a rear motor bearing 458 is supported by the tool
cap 198 coupled to the rear end portion of the tool housing
190. In some examples, a fan 418 is mounted on the
rotor shaft 402 to rotate with the motor assembly 410. In

23 24 



EP 4 458 518 A2

14

5

10

15

20

25

30

35

40

45

50

55

some examples, the fan 418 includes a radial main body
and a plurality of blades facing the stator assembly 411.
In some examples, an inner portion of the fan 418 is re-
cessed to allow the rear motor bearing 458 to be at least
partially nested in the axial direction within the fan 418,
and to be radially aligned with the main body of the fan
418. The bearing pocket defined by the tool cap 198 may
be axially received within the recessed portion of the fan
418, around the rear motor bearing 458, so that position-
ing of the rear motor bearing 458 within the rear tool cap
198 does not pose a significant increase in the overall
length of the motor assembly 410.
[0095] In the example arrangement shown in FIGs. 4A
and 4B, the front motor bearing 456 has been moved
axially forward, to a position within the cavity 121 of the
cam shaft 129. The cam carrier bearing 454 and the rear-
ward projecting rim-shaped portion 433 of the ring gear
mount 430 are substantially radially aligned with the con-
ductive windings 413, and at least partially received with-
in the motor envelope 480 of the motor assembly 410.
As with the example motor assemblies 210, 310 de-
scribed above with respect to FIGs. 2A-3B, the motor
envelope 480 may be bounded by a rear plane 482 at a
rearmost portion of the motor assembly 410 (i.e., at the
rearmost portion of the stator assembly 411), a front
plane 484 at a frontmost portion of the motor assembly
410, and a generally cylindrical boundary 486 extending
from the rear plane 482 to the front plane 484 and sur-
rounding a radially outermost portion of the motor as-
sembly 410 (e.g., a radially outermost portion of the stator
assembly 411). The motor envelope 480 may have a
length L4 from the rear plane 482 to the front plane 484
and a diameter D4 of the cylindrical boundary 486. In
some examples, the length L4 associated with the motor
assembly 410 shown in FIGs. 4A and 4B may be less
than or equal to the length L2 associated with the motor
assembly 210 shown in FIGs. 2A and 2B and/or the
length L3 associated with the motor assembly 310 shown
in FIGs. 3A and 3B. In some examples, the diameter D4
associated with the motor assembly 410 shown in FIGs.
4A and 4B may be less than or equal to the diameter D2
associated with the motor assembly 210 shown in FIGs.
2A and 2B and/or the diameter D3 associated with the
motor assembly 310 shown in FIGs. 3A and 3B.
[0096] In some implementations, the length L4 of the
example motor assembly 410 may be between approx-
imately 16.5 mm and 20.1 mm. In some examples, the
length L4 may be smaller than or equal to approximately
18.3 mm. In some implementations, the diameter D4 of
the example power tool 400 may be between approxi-
mately 46.0 mm and 56.0 mm. In some examples, the
diameter D4 may be smaller than or equal to approxi-
mately 51.0 mm. In some implementations, an overall
axial length of the example power tool 400 may be be-
tween approximately 89.6 mm and 109.0 mm. In some
examples, the overall axial length of the example power
tool 400 may be smaller than or equal to approximately
99.5 mm. In some implementations, an overall girth of

the example power tool 400 may be between approxi-
mately 59.4 mm and 72.6 mm. In some examples, the
overall girth of the example power tool 400 may be small-
er than or equal to approximately 66.0 mm. In some im-
plementations, an axial length from a front end portion
of the motor assembly 410 (i.e., frontmost part of the
conductive windings 413) to a rear end portion of the
carrier 126 i.e., rearmost part of the rear carrier plate
126A) is between approximately 3.0 mm and 5.0 mm. In
some examples, the axial length from the front end por-
tion of the motor assembly 410 to the rear end portion of
the carrier 126 is smaller than or equal to approximately
4.5 mm, preferably smaller than or equal to approximate-
ly 4.1 mm, more preferably smaller than or equal to ap-
proximately 3.7 mm. In some implementations, an axial
length from a rear end portion of the motor assembly 410
to a front end portion of the tool holder 170 is between
approximately 84.9 mm and 103.8 mm. In some exam-
ples, the axial length from the rear end portion of the
motor assembly 410 to the front end portion of the tool
holder 170 is smaller than or equal to approximately 93.4
mm. In some implementations, an inner diameter of the
ring gear mount 430 is between approximately 21.5 mm
and 26.4 mm. In some examples, the inner diameter of
the ring gear mount 430 is smaller than or equal to ap-
proximately 24.0 mm. In some implementations, an outer
diameter of the ring gear mount 430 is between approx-
imately 46.8 mm and 57.2 mm. In some examples, the
outer diameter of the ring gear mount 430 is smaller than
or equal to approximately 52.0 mm. In some examples,
a maximum operating voltage of the removeable power
tool battery pack coupled to the power tool is in the range
of approximately 20V to 80V, and a nominal voltage of
the battery pack is in the range of 18V to 72V. In some
examples, a maximum output power of the motor assem-
bly 410 is between approximately 396.0 W and 484.0 W
when using a 20V battery pack, with a current drawn by
the motor assembly 410 between approximately 22.0
amps and 27.0 amps. In some examples, the output pow-
er of the motor assembly 410 is greater than or equal to
approximately 440 W when using a 20V max battery
pack, with current drawn by the motor assembly 410 be-
ing greater than or equal to approximately 24.5 amps.
Thus, in power tool 400, a ratio of the maximum power
output of the motor assembly 410 to the axial length from
the front end portion of the motor assembly 410 to the
rear end portion of the carrier 126 is greater than or equal
to approximately 97.5 W/mm, preferably greater than or
equal to approximately 102 W/mm, more preferably
greater than or equal to approximately 107 W/mm. In
some implementations, an output torque of the example
power tool 400 is between approximately 1642.0 in-lbs
and 2007 in-lbs when using a 20V max battery pack. In
some examples, the output torque of the example power
tool 400 is greater than or equal to approximately 1825
in-lbs when using a 20V max battery pack. In some ex-
amples, the output torque of the example power tool 400
is greater than or equal to 2400 in-lbs.
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[0097] FIGs. 5A and 5B present an example power tool
500, in accordance with implementations described
herein. In particular, FIG. 5A is a partial cross-sectional
view of internal components of the example power tool
500, and FIG. 5B is a zoomed-in partial cross-sectional
view of the internal components of the example power
tool 500.
[0098] The example power tool 500 shown in FIGs. 5A
and 5B includes a motor assembly 510 and a fan 518
that are physically configured to provide for a reduced
overall length and/or girth of the power tool 500 (for ex-
ample, compared to an overall length and/or girth of the
example power tool 100 described above with respect to
FIGs. 1A-1E). Many features of the example power tool
500 are similar to features of the example power tool 100
described above with respect to FIGs. 1A-1E and/or the
example power tool 200 described above with respect to
FIGs. 2A and 2B, and/or the example power tool 300
described above with respect to FIGs. 3A and 3B, and/or
the example power tool 400 described above with respect
to FIGs. 4A and 4B, and thus, duplicative detailed de-
scription thereof will not be repeated except as neces-
sary.
[0099] In the example shown in FIGs. 5A and 5B, the
motor assembly 510 includes a solid core rotor configu-
ration (rather than the open core rotor configuration de-
scribed above with respect to FIGs. 1C-2B), with an em-
bedded magnet configuration (rather than the surface
mounted ring configuration described above with respect
to FIGs. 2A and 2B). The solid core rotor configuration
including the embedded magnets of the example motor
assembly 510 shown in FIGs. 5A and 5B does not provide
for an annular recess in the rotor core, in which the front
motor bearing and/or the rear motor bearing and/or the
cam carrier bearing can be accommodated. Rather, in
the example motor assembly 510 shown in FIGs. 5A and
5B, the front motor bearing is received in a cavity formed
in a central portion of the fan 518, such that the front
motor bearing can be substantially radially aligned with
corresponding end portion(s) of stator winding(s) of the
motor assembly 510, and accommodated within a motor
envelope of the motor assembly 510. In the example mo-
tor assembly 510 shown in FIGs. 5A and 5B, the front
motor bearing and the cam carrier bearing are mounted
on a corresponding rearward protrusion of the cam car-
rier, so that the cam carrier bearing is supported be the
ring gear mount and substantially radially aligned with
corresponding blades of the fan 518. This arrangement
allows for a reduced overall length of the example power
tool 500 (for example compared to the overall length of
the power tool 100 described above with respect to FIGs.
1A-1E) and/or an overall length that is less than or equal
to the overall length of the example power tool 200 shown
in FIGs. 2A and 2B and/or the example power tool 300
shown in FIGs. 3A and 3B and/or the example power tool
400 shown in FIGs. 4A and 4B.
[0100] The example motor assembly 510 includes a
rotor 504 including magnets 506 mounted in magnet

pockets 507 formed in a rotor core 508 mounted on a
rotor shaft 502. In this internal permanent magnet con-
figuration, the rotor magnets 506 are essentially embed-
ded in the rotor core 508. A stator assembly 511 is posi-
tioned around the rotor 504, including a stator core 512
and a series of conductive windings 513. The ring gear
mount 530 includes a cylindrical or rim-shaped portion
533, and a radial portion 534 extending radially outward
from a first axial end portion of the rim-shaped portion
533. An outer rim portion or a lip 531 projects axially
forward from the radial portion 534.
[0101] In the example arrangement shown in FIGs. 5A
and 5B, the fan 518 is coupled to the rotor shaft 502 via
a pinion 515. The fan 518 includes a plurality of blades
519 extending radially outward from a contoured central
hub portion 517 between the conductive windings 513
and the radial portion 534, the central hub portion 517
defining a recessed portion of the fan 518. In the example
arrangement shown in FIGs. 5A and 5B, a front motor
bearing 556 is received within the recess defined by the
central hub portion 517 of the fan 518. Thus, in this ex-
ample arrangement, the front motor bearing 556 received
in the central hub portion 517 of the fan 518 remains
radially aligned with the conductive windings 513 of the
stator assembly 511, and may be accommodated within
a motor envelope 580 of the motor assembly 510. In this
example arrangement, the fan 518 (mounted on the rotor
shaft 502 via the pinion 515) pilots, or provides support
to, or supports a relative position of the rotor 504 and the
front motor bearing 556.
[0102] In this example arrangement, an inner race of
the front motor bearing 556 is mounted on the rearward
projection 127 of the carrier 126, thus rotating together
with the carrier 126. In this example arrangement, the
rearward projection 127 of the carrier 126 extends suffi-
ciently rearward so that the front motor bearing 556 can
be mounted thereon. That is, in this example arrange-
ment, the rearward projection 127 may be somewhat
elongated, compared to the example arrangements
shown in, for example, FIGs. 2A-4B. In the example ar-
rangement shown in FIGs. 5A and 5B, the outer race of
the front motor bearing 556 may abut a sidewall portion
of the contoured central hub portion 517 of the fan 518,
such that the outer race rotates together with the fan 518.
In some examples, rotation of the inner race of the 556
with the carrier 126, and rotation of the outer race of the
front motor bearing 556 with the fan 518 may produce a
differential in rotational speeds between the inner race
and the outer race of the front motor bearing 556. For
example, the outer race may rotate at a slower speed
than the inner race of the front motor bearing 556.
[0103] In the example arrangement shown in FIGs. 5A
and 5B, a cam carrier bearing 554 is mounted on the
rearward projection 127 of the carrier 126, supported by
the cylindrical or rim-shaped portion 533 of the ring gear
mount 530 fixed to the housing 190. In this example ar-
rangement, an inner race of the cam carrier bearing 554
is mounted on the rearward projection 127 of the carrier
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126, thus rotating together with the carrier 126. In this
example arrangement, the outer race of the cam carrier
bearing 554 may abut the cylindrical or rim-shaped por-
tion 533 of the ring gear mount 530, which is in turn fixed
to the housing 190. Thus, the inner race of the cam carrier
bearing 554 rotates together with the carrier 126, while
the outer race of the cam carrier bearing 554 remains
substantially stationary. In this example arrangement,
the cam carrier bearing 554 and the front motor bearing
556 are axially aligned, with both the cam carrier bearing
554 and the front motor bearing 556 being mounted on
the carrier 126, and the cam carrier bearing 554 being
radially aligned at least partially with the blades 519 of
the fan 518.
[0104] In the example arrangement shown in FIGs. 5A
and 5B, a rear motor bearing 558 is supported by the tool
cap 198 coupled to the rear end portion of the tool housing
190. Axial movement of the fan 518, to a position that is
axially forward of the rotor 504, shifts the rotor 504 axially
rearward, allowing the front motor bearing 556 to be re-
ceived in the contoured central hub portion 517 of the
fan 518, and within the motor envelope 580 of the motor
assembly 510, e.g., in radial alignment with the conduc-
tive windings 513. As with the example motor assemblies
210, 310, 410 described above with respect to FIGs. 2A-
4B, the motor envelope 580 may be bounded by a rear
plane 582 at a rearmost portion of the motor assembly
510 (i.e., at the rearmost portion of the stator assembly
511), a front plane 584 at a frontmost portion of the motor
assembly 510, and a generally cylindrical boundary 586
extending from the rear plane 582 to the front plane 584
and surrounding a radially outermost portion of the motor
assembly 510 (e.g., a radially outermost portion of the
stator assembly 511). The motor envelope 580 may have
a length L5 from the rear plane 582 to the front plane 584
and a diameter D5 of the cylindrical boundary 586. In
some examples, the length L5 associated with the motor
assembly 510 shown in FIGs. 5A and 5B may be less
than or equal to the length L2 associated with the motor
assembly 210 shown in FIGs. 2A and 2B and/or the
length L3 associated with the motor assembly 310 shown
in FIGs. 3A and 3B and/or the length L4 associated with
the motor assembly 410 shown in FIGs. 4A and 4B. In
some examples, the diameter D5 associated with the mo-
tor assembly 510 shown in FIGs. 5A and 5B may be less
than or equal to the diameter D2 associated with the mo-
tor assembly 210 shown in FIGs. 2A and 2B and/or the
diameter D3 associated with the motor assembly 310
shown in FIGs. 3A and 3B and/or the diameter D4 asso-
ciated with the motor assembly 410 shown in FIGs. 4A
and 4B.
[0105] In some implementations, the length L5 of the
example motor assembly 510 may be between approx-
imately 16.6 mm and 20.2 mm. In some examples, the
length L5 may be smaller than or equal to approximately
18.4 mm. In some implementations, the diameter D5 of
the example power tool 500 may be between approxi-
mately 45.9 mm and 56.1 mm. In some examples, the

diameter D5 may be smaller than or equal to approxi-
mately 51.0 mm. In some implementations, an overall
axial length of the example power tool 500 may be be-
tween approximately 88.8 mm and 108.6 mm. In some
examples, the overall axial length of the example power
tool 500 may be smaller than or equal to approximately
98.7 mm. In some implementations, an overall girth of
the example power tool 500 may be between approxi-
mately 59.4 mm and 72.6 mm. In some examples, the
overall girth of the example power tool 500 may be small-
er than or equal to approximately 66.0 mm. an axial length
from a front end portion of the motor assembly 510 (i.e.,
frontmost part of the conductive windings 513) to a rear
end portion of the carrier 126 i.e., rearmost part of the
rear carrier plate 126A) is between approximately 5.0
mm and 8.0 mm. In some examples, the axial length from
the front end portion of the motor assembly 510 to the
rear end portion of the carrier 126 is smaller than or equal
to approximately 7.7 mm, preferably smaller than or
equal to approximately 7.3 mm, more preferably smaller
than or equal to approximately 6.9 mm. In some imple-
mentations, an axial length from a rear end portion of the
motor assembly 510 to a front end portion of the tool
holder 170 is between approximately 84.4 mm and 103.2
mm. In some examples, the axial length from the rear
end portion of the motor assembly 510 to the front end
portion of the tool holder 170 is smaller than or equal to
approximately 93.8 mm. In some implementations, an
inner diameter of the ring gear mount 530 is between
approximately 16.2 mm and 21.6 mm. In some examples,
the inner diameter of the ring gear mount 530 is smaller
than or equal to approximately 18.0 mm. In some imple-
mentations, an outer diameter of the ring gear mount 530
is between approximately 46.8 mm and 57.2 mm. In some
examples, the outer diameter of the ring gear mount 530
is smaller than or equal to approximately 52.0 mm. In
some examples, a maximum operating voltage of the re-
moveable power tool battery pack coupled to the power
tool is in the range of approximately 20V to 80V, and a
nominal voltage of the battery pack is in the range of 18V
to 72V. In some examples, a maximum output power of
the motor assembly 510 is between approximately 396.0
W and 484.0 W when using a 20V battery pack, with a
current drawn by the motor assembly 510 between ap-
proximately 22.0 amps and 27.0 amps. In some exam-
ples, the output power of the motor assembly 510 is great-
er than or equal to approximately 440 W when using a
20V max battery pack, with current drawn by the motor
assembly 510 being greater than or equal to approxi-
mately 24.5 amps. Thus, in power tool 500, a ratio of the
maximum power output of the motor assembly 510 to the
axial length from the front end portion of the motor as-
sembly 510 to the rear end portion of the carrier 126 is
greater than or equal to approximately 53.1 W/mm, pref-
erably greater than or equal to approximately 55.6
W/mm, more preferably greater than or equal to approx-
imately 58.4 W/mm. In some implementations, an output
torque of the example power tool 500 is between approx-
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imately 1642.0 in-lbs and 2007 in-lbs when using a 20V
max battery pack. In some examples, the output torque
of the example power tool 500 is greater than or equal
to approximately 1825 in-lbs when using a 20V max bat-
tery pack. In some examples, the output torque of the
example power tool 500 is greater than or equal to 2400
in-lbs.
[0106] FIGs. 6A and 6B present an example power tool
600, in accordance with implementations described
herein. In particular, FIG. 6A is a partial cross-sectional
view illustrating internal components of the example pow-
er tool 600, and FIG. 6B is a zoomed-in partial cross-
sectional view of the internal components of the example
power tool 600.
[0107] The example power tool 600 shown in FIGs. 6A
and 6B includes a motor assembly 610, a fan 618, and
a ring gear mount 630 that are physically configured to
provide for a reduced overall length and/or girth of the
power tool 600 (for example, compared to an overall
length and/or girth of the power tool 100 described above
with respect to FIGs. 1A-1E). Many features of the ex-
ample power tool 600 are similar to features of the power
tool 100 described above with respect to FIGs. 1A-1E
and/or the example power tools 200, 300, 400, 500 de-
scribed above with respect to FIGs. 2A-5B. Thus, dupli-
cative detailed description thereof will not be repeated
except as necessary.
[0108] In the example shown in FIGs. 6A and 6B, the
motor assembly 610 includes a solid core rotor configu-
ration (rather than the open core rotor configuration de-
scribed above with respect to FIGs. 1C-2B), with an em-
bedded magnet configuration (rather than the surface
mounted ring configuration described above with respect
to FIGs. 2A and 2B). As described above, the solid core
rotor configuration/embedded magnet configuration of
rotor does not provide for an annular recess in which the
front motor bearing and/or the rear motor bearing and/or
the cam carrier bearing can be accommodated. Rather,
in the example motor assembly 610 shown in FIGs. 6A
and 6B, the front motor bearing is received in a cavity
formed in a central portion of the fan 618, such that the
front motor bearing can be substantially radially aligned
with corresponding end portion(s) of stator winding(s) of
the motor assembly 610, and accommodated within a
motor envelope of the motor assembly 610. This axial
shifting of the motor assembly 610 and the fan 618, and
positioning of the front motor bearing within a cavity de-
fined by the fan, allows for a reduced overall length of
the example power tool 600 (for example compared to
the overall length of the power tool 100 described above
with respect to FIGs. 1A-1E) and/or an overall length that
is less than or equal to the overall length(s) of the example
power tools 200, 300, 400, 500 shown in FIGs. 2A-5B.
[0109] The example motor assembly 610 includes a
rotor 604 including magnets 606 mounted in magnet
pockets 607 formed in a rotor core 608 mounted on a
rotor shaft 602. In this internal permanent magnet con-
figuration, the rotor magnets 606 are essentially embed-

ded in the rotor core 608. A stator assembly 611 is posi-
tioned around the rotor 604, including a stator core 612
and a series of conductive windings 613. The ring gear
mount 630 includes a cylindrical or rim-shaped portion
633, and a radial portion 634 extending radially outward
from a first axial end portion of the rim-shaped portion
633. An outer rim portion or a lip 631 projects axially
forward from the radial portion 634. A rear projection 635
projects axially rearward from a second end portion of
the rim-shaped portion 633 of the ring gear mount 630,
with a tab 637 projecting radially inward.
[0110] In the example arrangement shown in FIGs. 6A
and 6B, the fan 618 is coupled to the rotor shaft 602 via
a pinion 615. The fan 618 includes a plurality of blades
619 extending radially outward from a contoured central
hub portion 617, the central hub portion 617 defining a
recessed portion of the fan 618. In this example, a portion
of the contour of the ring gear mount 630 follows, or cor-
responds to, a contour of a corresponding portion of the
fan 618.
[0111] In the example arrangement shown in FIGs. 6A
and 6B, a front motor bearing 656 is received within a
bearing pocket 657 defined by the recess formed in the
central hub portion 617 of the fan 618, together with the
rear projection 635 and tab 637 of the ring gear mount
630. Thus, in this example arrangement, the front motor
bearing 656 received in the bearing pocket 657 (defined
by the central hub portion 617 of the fan 618 and the rear
projection 635 of the ring gear mount 630) remains radi-
ally aligned with the conductive windings 613 of the stator
assembly 611, and may be accommodated at least par-
tially or predominantly within a motor envelope 680 of
the motor assembly 610. In this example arrangement,
the tab 637 of the ring gear mount 630 provides an axial
stop for support of the front motor bearing 656.
[0112] In this example arrangement, an inner race of
the front motor bearing 656 is mounted on the rotor shaft
602, thus rotating together with the rotor shaft 602. The
outer race of the front motor bearing 656 may abut the
rear projection 635 of the ring gear mount 630, which is
fixed to the housing 190 and thus remains substantially
stationary. Accordingly, the inner race of the front motor
bearing 656 rotates together with the rotor shaft 602,
while the outer race of the front motor bearing 656 re-
mains substantially stationary.
[0113] In the example arrangement shown in FIGs. 6A
and 6B, a cam carrier bearing 654 is received within a
bearing pocket 659 defined by the rear carrier plate 126A
and the rearward projection 127 of the carrier 126 togeth-
er with the rim-shaped portion 633 of the ring gear mount
630. In this example arrangement, the cam carrier bear-
ing 654 is radially aligned with the blades 619 of the fan
618. In this example arrangement, an inner race of the
cam carrier bearing 654 is mounted on the rearward pro-
jection 127 of the carrier 126, thus rotating together with
the carrier 126. An outer race of the cam carrier bearing
654 may abut the cylindrical or rim-shaped portion 633
of the ring gear mount 630, which is in turn fixed to the
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housing 190. Thus, the inner race of the cam carrier bear-
ing 654 rotates together with the carrier 126, while the
outer race of the cam carrier bearing 654 remains sub-
stantially stationary.
[0114] In the example arrangement shown in FIGs. 6A
and 6B, a rear motor bearing 658 is supported by the tool
cap 198 coupled to the rear end portion of the tool housing
190. Axial location of the fan 618 at a position that is
axially forward of the rotor 604, where the central hub
portion 617 penetrates within the body of the motor to
approximately a front axial end of the stator core 612,
allows the front motor bearing 656 to be received in the
bearing pocket 657, and at least partially or predominant-
ly within the motor envelope 680 of the motor assembly
610. As with the example motor assemblies 210, 310,
410, 510 described above with respect to FIGs. 2A-5B,
the motor envelope 680 may be bounded by a rear plane
682 at a rearmost portion of the motor assembly 610 (i.e.,
at the rearmost portion of the stator assembly 611), a
front plane 684 at a frontmost portion of the motor as-
sembly 610, and a generally cylindrical boundary 686
extending from the rear plane 682 to the front plane 684
and surrounding a radially outermost portion of the motor
assembly 610 (e.g., a radially outermost portion of the
stator assembly 611). The motor envelope 680 may have
a length L6 from the rear plane 682 to the front plane 684
and a diameter D6 of the cylindrical boundary 686. In
some examples, the length L6 associated with the motor
assembly 610 shown in FIGs. 6A and 6B may be less
than or equal to the length L2 associated with the motor
assembly 210 shown in FIGs. 2A and 2B and/or the
length L3 associated with the motor assembly 310 shown
in FIGs. 3A and 3B and/or the length L4 associated with
the motor assembly 410 shown in FIGs. 4A and 4B and/or
the length L5 associated with the motor assembly 510
shown in FIGs. 5A and 5B. In some examples, the diam-
eter D6 associated with the motor assembly 610 shown
in FIGs. 6A and 6B may be less than or equal to the
diameter D2 associated with the motor assembly 210
shown in FIGs. 2A and 2B and/or the diameter D3 asso-
ciated with the motor assembly 310 shown in FIGs. 3A
and 3B and/or the diameter D4 associated with the motor
assembly 410 shown in FIGs. 4A and 4B and/or the di-
ameter D5 associated with the motor assembly 510
shown in FIGs. 5A and 5B. In an example, the front motor
bearing 656 is radially aligned at least in part with the
rear projection 635 of the ring gear mount 630, the central
hub portion 617 of the fan 618, and a front end of the
conductive windings 613.
[0115] In some implementations, the length L6 of the
example motor assembly 610 may be between approx-
imately 16.6 mm and 20.2 mm. In some examples, the
length L6 may be smaller than or equal to approximately
18.4 mm. In some implementations, the diameter D6 of
the example power tool 600 may be between approxi-
mately 45.9 mm and 56.1 mm. In some examples, the
diameter D6 may be smaller than or equal to approxi-
mately 51.0 mm. In some implementations, an overall

axial length of the example power tool 600 may be be-
tween approximately 88.8 mm and 108.6 mm. In some
examples, the overall axial length of the example power
tool 600 may be smaller than or equal to approximately
98.7 mm. In some implementations, an overall girth of
the example power tool 600 may be between approxi-
mately 59.4 mm and 72.6 mm. In some examples, the
overall girth of the example power tool 600 may be small-
er than or equal to approximately 66.0 mm. In some im-
plementations, an axial length from a front end portion
of the motor assembly 610 (i.e., frontmost part of the
conductive windings 613) to a rear end portion of the
carrier 126 i.e., rearmost part of the rear carrier plate
126A) is between approximately 6.7 mm and 8.9 mm. In
some examples, the axial length from the front end por-
tion of the motor assembly 610 to the rear end portion of
the carrier 126 is smaller than or equal to approximately
8.5 mm, preferably smaller than or equal to approximate-
ly 8.1 mm, more preferably smaller than or equal to ap-
proximately 7.7 mm. In some implementations, an axial
length from a rear end portion of the motor assembly 610
to a front end portion of the tool holder 170 is between
approximately 84.5 mm and 103.3 mm. In some exam-
ples, the axial length from the rear end portion of the
motor assembly 610 to the front end portion of the tool
holder 170 is smaller than or equal to approximately 93.8
mm. In some implementations, an inner diameter of the
ring gear mount 630 is between approximately 21.5 mm
and 26.4 mm. In some examples, the inner diameter of
the ring gear mount 630 is smaller than or equal to ap-
proximately 24.0 mm. In some implementations, an outer
diameter of the ring gear mount 630 is between approx-
imately 46.8 mm and 57.2 mm. In some examples, the
outer diameter of the ring gear mount 630 is smaller than
or equal to approximately 52.0 mm. In some examples,
a maximum operating voltage of the removeable power
tool battery pack coupled to the power tool is in the range
of approximately 20V to 80V, and a nominal voltage of
the battery pack is in the range of 18V to 72V. In some
examples, a maximum output power of the motor assem-
bly 610 is between approximately 396.0 W and 484.0 W
when using a 20V battery pack, with a current drawn by
the motor assembly 510 between approximately 22.0
amps and 27.0 amps. In some examples, the output pow-
er of the motor assembly 610 is greater than or equal to
approximately 440 W when using a 20V max battery
pack, with current drawn by the motor assembly 510 be-
ing greater than or equal to approximately 24.5 amps.
Thus, in power tool 600, a ratio of the maximum power
output of the motor assembly 610 to the axial length from
the front end portion of the motor assembly 610 to the
rear end portion of the carrier 126 is greater than or equal
to approximately 47.2 W/mm, preferably greater than or
equal to approximately 49.5 W/mm, more preferably
greater than or equal to approximately 51.9 W/mm. In
some implementations, an output torque of the example
power tool 600 is between approximately 1642.0 in-lbs
and 2007 in-lbs when using a 20V max battery pack. In
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some examples, the output torque of the example power
tool 600 is greater than or equal to approximately 1825
in-lbs when using a 20V max battery pack. In some ex-
amples, the output torque of the example power tool 600
is greater than or equal to 2400 in-lbs.
[0116] FIGs. 7A-7L illustrate features of an example
power tool 700, in accordance with implementations de-
scribed herein. The example power tool 700 includes a
motor assembly 710 having a shaftless rotor structure.
The shaftless rotor structure may provide for modular
assembly of the front motor bearing and the cam carrier
bearing with the cam assembly, thus facilitating assembly
of the example power tool 700, while still maintaining a
reduced overall length and/or girth of the example power
tool 700. The shaftless rotor structure of the motor as-
sembly 710 includes an integrated fan interlocking struc-
ture, that allows the fan to rotate together with the rotor
structure, without connection to a rotor shaft. Some fea-
tures of the example power tool 700 are similar to features
of the example power tool 100 described above with re-
spect to FIGs. 1A-1E and/or the example power tools
200, 300, 400, 500, 600 described above with respect to
FIGs. 2A-6B. Accordingly, duplicative detailed descrip-
tion thereof will not be repeated except as necessary.
[0117] FIG. 7A is a partial cross-sectional view, illus-
trating internal components of the example power tool
700, and FIG. 7B is a zoomed-in partial cross-sectional
view of the internal components of the example power
tool 700. As shown in FIGs. 7A and 7B, the example
power tool 700 includes a motor assembly 710 and a ring
gear mount 730 that are physically configured to provide
for a reduced overall length and/or girth of the power tool
700 (for example, compared to an overall length and/or
girth of the power tool 100 described above with respect
to FIGs. 1A- 1E). The motor assembly 710 includes a
solid core rotor configuration, with embedded magnets.
[0118] As described above, the solid core rotor config-
uration including the embedded magnets does not form
an annular recess in which the front motor bearing and/or
the rear motor bearing and/or the cam carrier bearing
can be accommodated. Rather, the example motor as-
sembly 710 includes a ring gear mount 730 configured
such that a front motor bearing can be radially aligned
with a cam carrier bearing, and for both the front motor
bearing and the cam carrier bearing to be substantially
radially aligned with corresponding end portion(s) of sta-
tor windings of the motor assembly 710. In the example
arrangement shown in FIGs. 7A and 7B, the cam carrier
indexes, or sets a location for, or supports, a position of
the front motor bearing. The configuration of the ring gear
mount 730 allows for a reduced overall length of the ex-
ample power tool 700 (for example compared to the over-
all length of the power tool 100 described above with
respect to FIGs. 1A-1E) and/or an overall length that is
less than or equal to the overall length of the example
power tools 200, 300, 400, 500, 600 shown in FIGs. 2A-
6B.
[0119] The example motor assembly 710 includes a

rotor 704 including magnets 706 mounted in magnet
pockets 707 formed in a rotor core 708. A stator assembly
711 positioned around the rotor 704 includes a stator
core 712 including a series of conductive windings 713.
As the phases of the stator assembly 711 are sequentially
energized, they interact with the rotor magnets 706 to
cause rotation of the rotor 704 relative to the stator as-
sembly 711.
[0120] The ring gear mount 730 includes a cylindrical
or rim-shaped portion 733, and a radial portion 734 ex-
tending radially outward from the rim-shaped portion 733
of the ring gear mount 730. The ring gear mount 730
includes an outer rim portion or a lip 731 projecting axially
forward from the radial portion 734, for coupling with a
corresponding portion of the housing 190. The rim-
shaped portion 733 (for example, together with corre-
sponding portions of the rear carrier plate 126A and the
rearward projection 127 of the carrier 126) defines a bear-
ing pocket 732 in which a cam carrier bearing 754 is
received. In this example arrangement, the cam carrier
bearing 754 is supported by the ring gear mount 730,
and in particular, an outer race of the cam carrier bearing
754 is supported by the rim-shaped portion 733 of the
ring gear mount 730. An inner race of the cam carrier
bearing 754 is supported on the rearward projection 127
of the carrier 126, such that the inner race of the cam
carrier bearing 754 rotates together with the carrier 126.
[0121] In the example shown in FIGs. 7A and 7B, a
drive pin 701 has a first end portion that is fixedly coupled
in the transmission assembly 120 during the manufac-
turing of the transmission assembly 120, and a second
end portion that is received and fixedly coupled in the
rotor 704 during the assembly of the motor and transmis-
sion into the power tool housing 190. In particular, the
first end portion of the drive pin 701 defines a gear portion
722 that functions as a sun gear in the transmission as-
sembly 120. In an example, the gear portion 722 of the
drive pin 701 is in meshed engagement with the one or
more planet gears 124 of the transmission assembly 120.
The second end portion projects rearwardly through the
rearward projection 127 of the cam carrier 126 and out
of the transmission assembly 120. A shaft portion 702
formed at the second end portion of the drive pin 701
extends into an axial opening 703 formed in the rotor
704. In some examples, the shaft portion 702 of the drive
pin 701 is press fit, or interference fit, into the axial open-
ing 703 in the rotor 704 during the assembly step of the
motor and transmission into the power tool housing 190.
This ensures that the drive pin 701 is rotationally fixed to
the rotor 704 within the power tool 700. In the example
arrangement shown in FIGs. 7A and 7B, an axial length
of the axial opening 703 in the rotor 704 is greater than
an axial length of the shaft portion 702 of the drive pin 701.
[0122] In this example arrangement, a front motor
bearing 756 is mounted on the shaft portion 702 of the
drive pin 701, and is piloted, or set in position by the
rearward projection 127 of the rear carrier plate 126A of
the carrier 126. In particular, the rearward projection 127
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is fitted between the front motor bearing 756 and the cam
carrier bearing 754. In some examples, a rotor end cap
740, mounted on a front end of the rotor to retain the rotor
magnets 706 within the magnet pockets 707 of the rotor
core 708, may additionally engage a rear end of the front
motor bearing 756, to provide for axial support of the front
motor bearing 756 in an axial direction away from the
transmission assembly 120. In this example arrange-
ment, an outer race of the cam carrier bearing 754 is
supported by the (stationary) ring gear mount 330, and
an inner race of the cam carrier bearing 754 is supported
by, and rotates with, the rearward projection 127 of the
carrier 126. An outer race of the front motor bearing 756
is supported by the rearward projection 127 that rotates
together with the carrier 126 and an inner race of the front
motor bearing 756 is supported by and rotates with the
shaft portion 702 of the drive pin 701. That is, in this
example, the outer race of the front motor bearing 756
also rotates, but at a somewhat lower speed than the
inner race of the front motor bearing 756.
[0123] In some examples, a fan 750 may be coupled
to the rotor 704, so as to rotate together with the rotor
704. The fan 750 and/or the rotor 704 may include ge-
ometry that provides for interlocking of the fan 750 and
the rotor 704, allowing the fan 750 to rotate together with
the rotor 704, without the mounting of the fan 750 on a
shaft extending from the rotor 704. This interlocking of
the fan 750 and the rotor 704, rather than mounting the
fan on a rotor shaft as is conventionally done, may facil-
itate the shaftless rotor structure. In an embodiment, the
fan 750 is mounted on a protruded portion 705 of the
rotor 704. In some examples, the fan 750 is contoured
to allow a rear motor bearing 758, which is also seated
on the protruded portion 705 of the rotor 704, to be located
within a recessed portion 757 of the fan 750 and in radial
alignment with at least a portion of the fan 750. In an
embodiment, the rear motor bearing 758 is axially and
radially supported by the tool cap 198 coupled to the rear
end portion of the tool housing 190.
[0124] FIG. 7C is a perspective view of the rotor 704.
FIG. 7D is a perspective view of the fan 750 coupled to
the rotor 704. FIG. 7E is a disassembled cross-sectional
view, and FIG. 7F is an assembled cross-sectional view,
of the fan 750 and the rotor 704, taken along line E-E of
FIG. 7D.
[0125] As shown in FIGs. 7C-7F, the fan 750 includes
a fan plate 752 having a central opening 755. In the as-
sembled configuration, the protruded portion 705 of the
rotor 704 is received through the central opening 755 in
the fan plate 752. In an example, the protruded portion
705 includes a non-circular outer profile, in this example,
with a square or circular outer cross-section. The center
opening 755 of the fan plate 752 includes a correspond-
ing profile. This arrangement allows transfer of rotational
torque from the rotor 704 to the fan 750. The recessed
portion 757 is formed on a first side of the fan plate 752,
surrounding the central opening 755, to accommodate
the rear motor bearing 758. The rear motor bearing 758

is received in the recessed portion 757 defined in the fan
plate 752, so that positioning of the rear motor bearing
358 at the rear tool cap 198 does not pose a significant
increase in the overall length of the motor assembly 710.
A plurality of blades 751 are provided on a second side
of the fan plate 752, for generating axial airflow through
the example power tool 700 during operation. In some
examples, a plurality of protrusions 753 are provided on
the second side of the fan plate 752. The protrusions 753
may be positioned on a portion of the second side of the
fan plate 752 corresponding to the recessed portion 757.
The protrusions 753 may be positioned so as to corre-
spond to positions of the magnet pockets 707 of the rotor
704 when the rotor 704 and the fan 750 are coupled. In
some examples, a shape, or a contour, of each of the
plurality of protrusions 753 may correspond to a shape,
or a contour, of a corresponding end portion 707A of a
magnet pocket 707 to which the protrusion 753 is to be
coupled. Specifically, in an example, protrusions 753 are
provided in pairs, each pair including two protrusions fac-
ing one another in a lateral direction and distance prop-
erly to fit into end portions 707A of a corresponding mag-
net pocket 707. Thus, the plurality of protrusions 753 may
define geometric interlocking features that, together with
the corresponding end portions 707A of the magnet pock-
ets 707, provide for interlocking and coupling of the rotor
704 and the fan 750. This feature, alone or in cooperation
with the protruded portion 705, ensures that the fan 750
is rotationally fixed to the rotor 704. Furthermore, in an
example, each pair of protrusions 753 engages lateral
sides of the rotor magnet 706 disposed within the corre-
sponding magnet pocket 707 to mechanically retain the
magnet 706, and protect the magnet against wobble and
vibration within the magnet pocket 707.
[0126] FIG. 7G is an exploded perspective view, and
FIG. 7H is an assembled perspective view, of a drive
assembly 770 including the drive pin 701, the front motor
bearing 756, and the rotor end cap 740. FIG. 7I is a cross-
sectional view taken along line F-F of FIG. 7H. FIG. 7J
is a partially assembled perspective view, and FIG. 7K
is an assembled view, of the fan 750, the rotor 704, and
the drive assembly. FIG. 7L is a cross-sectional view tak-
en along line G-G of FIG. 7K.
[0127] As shown in FIGs. 7G-7K, the rotor end cap 740
includes a cap plate 742, with an opening 745 defined
by an annular flange formed at a central portion of the
cap plate 742. The shaft portion 702 of the drive pin 701
is received through the front motor bearing 756 and
through the opening 745 in the central portion of the cap
plate 742. In some examples, a plurality of protrusions
743 are formed on a side of the cap plate 742 configured
to face the rotor 704. The protrusions 743 may be posi-
tioned similarly to, and in mirror opposite to, the protru-
sions 753 of the fan 750. In some examples, a shape, or
a contour, of each of the plurality of protrusions 743 may
correspond to a shape, or a contour, of a corresponding
end portion 707B of a magnet pocket 707 to which the
protrusion 743 is to be coupled. Thus, the plurality of
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protrusions 743 may define geometric interlocking fea-
tures that, together with the corresponding end portions
707B of the magnet pockets 707, provide for interlocking
and coupling of the rotor end cap 740 to the rotor 704.
In an embodiment, the cap plate 742 may be securely
mounted on the shaft portion 702 of the drive pin 701 via,
e.g., press-fitting, so the rotor end cap 740 rotationally
locks the drive pin 701 to the rotor 704.
[0128] The shaftless configuration of the rotor 704 pro-
vides for modular assembly of the drive system of the
example power tool 700.
[0129] In the example power tool 700, the front motor
bearing 756 is substantially radially aligned with the cam
carrier bearing 754, and substantially radially aligned at
least a front end of with the conductive windings 713, and
the front motor bearing 756 and the cam carrier bearing
754 are at least partially received within a motor envelope
780 of the motor assembly 710. The motor envelope 780
may have a length L7 from the rear plane to the front
plane and a diameter D7 defining a cylindrical boundary.
In some examples, at least a portion of the front motor
bearing 756 and at least a portion of the cam carrier bear-
ing 754 are received within the motor envelope 780. In
some examples, the length L7 associated with the motor
assembly 710 of the example power tool 700 may be less
than or equal to the length L2 associated with the motor
assembly 210 shown in FIGs. 2A and 2B and/or the
length L3 associated with the motor assembly 310 shown
in FIGs. 3A and 3B and/or the length L4 associated with
the motor assembly 410 shown in FIGs. 4A and 4B and/or
the length L5 associated with the motor assembly 510
shown in FIGs. 5A and 5B and/or the length L6 associ-
ated with the motor assembly 610 shown in FIGs. 6A and
6B. In some examples, the diameter D7 associated with
the motor assembly 710 of the example power tool 700
may be less than or equal to the diameter D2 associated
with the motor assembly 210 shown in FIGs. 2A and 2B
and/or the diameter D3 associated with the motor as-
sembly 310 shown in FIGs. 3A and 3B and/or the diam-
eter D4 associated with the motor assembly 410 shown
in FIGs. 4A and 4B and/or the diameter D5 associated
with the motor assembly 510 shown in FIGs. 5A and 5B
and/or the diameter D6 associated with the motor as-
sembly 610 shown in FIGs. 6A and 6B.
[0130] In some implementations, the length L7 of the
example motor assembly 710 may be between approx-
imately 16.5 mm and 20.1 mm. In some examples, the
length L7 may be smaller than or equal to approximately
18.3 mm. In some implementations, the diameter D7 of
the example power tool 700 may be between approxi-
mately 45.9 mm and 56.1 mm. In some examples, the
diameter D7 may be smaller than or equal to approxi-
mately 51.0 mm. In some implementations, an overall
axial length of the example power tool 700 may be be-
tween approximately 89.6 mm and 109.0 mm. In some
examples, the overall axial length of the example power
tool 700 may be smaller than or equal to approximately
99.5 mm. In some implementations, an overall girth of

the example power tool 700 may be between approxi-
mately 59.4 mm and 72.6 mm. In some examples, the
overall girth of the example power tool 700 may be small-
er than or equal to approximately 66.0 mm. In some im-
plementations, an axial length from a front end portion
of the motor assembly 710 (i.e., frontmost part of the
conductive windings 713) to a rear end portion of the
carrier 126 i.e., rearmost part of the rear carrier plate
126A) is between approximately 3.2 mm and 5.2 mm. In
some examples, the axial length from the front end por-
tion of the motor assembly 710 to the rear end portion of
the carrier 126 is smaller than or equal to approximately
4.7 mm, preferably smaller than or equal to approximate-
ly 4.3 mm, more preferably smaller than or equal to ap-
proximately 3.9 mm. In some implementations, an axial
length from a rear end portion of the motor assembly 710
to a front end portion of the tool holder 170 is between
approximately 84.9 mm and 103.8 mm. In some exam-
ples, the axial length from the rear end portion of the
motor assembly 710 to the front end portion of the tool
holder 170 is smaller than or equal to approximately 93.4
mm. In some implementations, an inner diameter of the
ring gear mount 730 is between approximately 18.9 mm
and 23.1 mm. In some examples, the inner diameter of
the ring gear mount 730 is smaller than or equal to ap-
proximately 21.0 mm. In some implementations, an outer
diameter of the ring gear mount 730 is between approx-
imately 46.8 mm and 57.2 mm. In some examples, the
outer diameter of the ring gear mount 730 is smaller than
or equal to approximately 52.0 mm. In some examples,
a maximum operating voltage of the removeable power
tool battery pack coupled to the power tool is in the range
of approximately 20V to 80V, and a nominal voltage of
the battery pack is in the range of 18V to 72V. In some
examples, a maximum output power of the motor assem-
bly 710 is between approximately 396.0 W and 484.0 W
when using a 20V battery pack, with a current drawn by
the motor assembly 310 between approximately 22.0
amps and 27.0 amps. In some examples, the output pow-
er of the motor assembly 710 is less than or equal to
approximately 440 W when using a 20V max battery
pack, with current drawn by the motor assembly 710 be-
ing greater than or equal to approximately 24.5 amps.
Thus, in power tool 700, a ratio of the maximum power
output of the motor assembly 710 to the axial length from
the front end portion of the motor assembly 710 to the
rear end portion of the carrier 126 is greater than or equal
to approximately 93.2 W/mm, preferably greater than or
equal to approximately 97.7 W/mm, more preferably
greater than or equal to approximately 103 W/mm. In
some implementations, an output torque of the example
power tool 700 is between approximately 1642.0 in-lbs
and 2007 in-lbs when using a 20V max battery pack. In
some examples, the output torque of the example power
tool 700 is greater than or equal to approximately 1825
in-lbs when using a 20V max battery pack. In some ex-
amples, the output torque of the example power tool 700
is greater than or equal to 2400 in-lbs.
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[0131] FIGs. 8A and 8B present an example power tool
800, in accordance with implementations described
herein. In particular, FIG. 8A is a partial cross-sectional
view illustrating internal components of the example pow-
er tool 800, and FIG. 8B is a zoomed-in partial cross-
sectional view of the internal components of the example
power tool 800. FIG. 8C is a perspective view of an ex-
ample fan 850 of the example power tool 800.
[0132] The example power tool 800 shown in FIGs. 8A
and 8B includes a motor assembly and a ring gear mount
that are physically configured to provide for a reduced
overall length and/or girth of the power tool (for example,
compared to an overall length and/or girth of the power
tool 100 described above with respect to FIGs. 1A-1E),
together with the fitting of a front motor bearing within a
bearing pocket defined in a cavity formed within a cam
shaft. Many features of the example power tool 800 are
similar to features of the power tool 100 described above
with respect to FIGs. 1A-1E and/or the example power
tools 200, 300, 400, 500, 600, 700 described above with
respect to FIGs. 2A-7L. Thus, duplicative detailed de-
scription thereof will not be repeated except as neces-
sary.
[0133] In the example shown in FIGs. 8A and 8B, the
motor assembly 810 includes a solid core rotor configu-
ration, with an embedded magnet configuration. As de-
scribed above, due to the solid core rotor configuration
including the embedded, an annular recess is not formed
within the motor assembly 810 in which the front motor
bearing and/or the rear motor bearing and/or the cam
carrier bearing can be accommodated. Rather, in the ex-
ample motor assembly 810 shown in FIGs. 8A and 8B,
the front motor bearing 856 is received in a bearing pock-
et defined in a cavity 121 formed in the cam shaft 129 of
the carrier 126, with a ring gear mount 830 configured
such that the cam carrier bearing 854 can be substantially
radially aligned with corresponding end portion(s) of sta-
tor windings of the motor assembly 810. In the example
power tool 800 shown in FIGs. 8A-8C, a geometric inter-
locking structure allows a fan 850 to be coupled to and
rotate together with a rotor 804 of the motor assembly
810. The press fit of the front motor bearing 856 in the
bearing pocket defined in the cavity 121 formed in the
cam shaft 129 of the carrier 126, with the cam carrier
bearing 756 at least partially accommodated within a mo-
tor envelope of the motor assembly 810, alone or together
with the geometric interlocking of the fan 850 and the
rotor 804, allows for a reduced overall length of the ex-
ample power tool 800 (for example compared to the over-
all length of the example power tool 100 described above
with respect to FIGs. 1A-1E) and/or an overall length that
is less than or equal to the overall length of the example
power tools 200, 300, 400, 500, 60, 700 shown in FIGs.
2A-7L.
[0134] The example motor assembly 810 includes a
rotor 804 including magnets 806 mounted in magnet
pockets 807 formed in a rotor core 808 mounted on a
rotor shaft 802. In this internal permanent magnet con-

figuration, the rotor magnets 806 are essentially embed-
ded in the rotor core 808. A stator assembly 811 is posi-
tioned around the rotor 804. The stator assembly 811
includes a stator core 812 having a series of teeth pro-
jecting radially inward from the stator core 812, and a
series of conductive windings 813 wound around the sta-
tor teeth. As the phases of the stator assembly 811 are
sequentially energized, they interact with the rotor mag-
nets 806 to cause rotation of the rotor 804 relative to the
stator assembly 811.
[0135] In the example shown in FIGs. 8A and 8B, the
ring gear mount 830 includes a cylindrical or rim-shaped
portion 833, and a radial portion 834 extending radially
outward from a first axial end portion of the rim-shaped
portion 833. An outer rim portion or a lip 831 projects
axially forward from the radial portion 834, for coupling
with a corresponding portion of the 8 tool housing 190,
and for receiving and supporting a component of the
transmission assembly 120, such as the ring gear 123.
[0136] In the example arrangement shown in FIGs. 8A
and 8B, the front motor bearing 856 is received within
the bearing pocket defined by the cavity 121 formed in
the cam shaft 129 of the carrier 126. In particular, in this
example arrangement, the front motor bearing 856 is fit-
ted on an end portion of the pinion forming the sun gear
122, and is press fit within the walls of the cavity 121. In
this example, the rim-shaped portion 833 (for example,
together with corresponding portions of the rear carrier
plate 126A and the rearward projection 127 of the carrier
126) defines a bearing pocket 832 in which the cam car-
rier bearing 854 is received. Thus, in this example ar-
rangement, the cam carrier bearing 854 remains radially
aligned with at least the front end of the conductive wind-
ings 813 of the stator assembly 811, at least partially
received within the motor envelope 880, while the front
motor bearing 856 has been positioned axially forward
of the cam carrier bearing 854.
[0137] In some examples, axial position of the front
motor bearing 856 in this manner provides additional
space available in the area of the cam carrier bearing
854. In some examples, this additional space may be
used to accommodate a larger, more robust cam carrier
bearing 854 as may be required by the torque and power
output of the power tool, increasing surface area contact
between the cam carrier cam carrier bearing 854 and the
ring gear mount 830. In some examples, this additional
space may be used to accommodate an increase in size
of the rim-shaped portion 833 of the ring gear mount 830,
to provide more robust support to the cam carrier bearing
854. In some examples, this additional space may be
used to accommodate both a larger cam carrier bearing
854 and also a larger rim-shaped portion 833 of the ring
gear mount 830. A more robust cam carrier bearing 854
and/or more robust support of the cam carrier bearing
854 (by a larger rim-shaped portion 833 of the ring gear
mount 830) may provide improved resistance to axial
rearward movement of the impact mechanism 140 during
operation of the example power tool 800 in the impact
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mode of operation, i.e., rearward axial movement of the
impact mechanism 140 toward/into the motor envelope
880. In some examples, a more robust cam carrier bear-
ing 854 and/or more robust support of the cam carrier
bearing 854 (by a larger rim-shaped portion 833 of the
ring gear mount 830) may direct forces generated due
to operation of the impact mechanism 140 back into the
housing 190 via the ring gear mount 830, thus reducing
vibration experienced by the user operating the power
tool 800 in the impact mode of operation. In an embodi-
ment, a thickness of the cam carrier bearing 854 as de-
fined as the radial distance between its inner and outer
race is greater than or equal to approximately 30% of the
radius of the rotor core 808.
[0138] In this example arrangement, the outer race of
the cam carrier bearing 454 is supported by the rim-
shaped portion 833 of the ring gear mount 830, which is
fixed to the housing 190 and thus remains substantially
stationary. The inner race of the cam carrier bearing 854
is supported on the rearward projection 127 of the carrier
126, such that the inner race of the cam carrier bearing
854 rotates together with the carrier 126, while the outer
race of the cam carrier bearing 854 remains substantially
stationary.
[0139] In the example arrangement shown in FIGs. 8A
and 8B, the press fit of the front motor bearing 856 in the
bearing pocket defined by the cavity 121 of the cam shaft
129 limits axial movement of the front motor bearing 856
relative to the carrier 126. The inner race of the front
motor bearing 856 is fitted on a distal end portion of the
pinion that is coupled on the rotor shaft 802, and that
includes the sun gear 122, such that the inner race of the
front motor bearing 856 rotates together with/at substan-
tially the same rotational speed as the rotor shaft 402/sun
gear 122. The outer race of the front motor bearing 856
is press fit in the cavity 121 formed in the cam shaft 129,
such that the outer race of the front motor bearing 856
rotates together with/at substantially the same rotational
speed as the carrier 126. Thus, the outer race of the front
motor bearing 856 rotates at a slower speed than the
inner race of the front motor bearing 856.
[0140] In some examples, a fan 850 may be coupled
to the rotor 804, so as to rotate together with the rotor
804. The fan 850 and/or the rotor 804 may include ge-
ometry that provides for interlocking of the fan 850 and
the rotor 804, such that the fan 850 rotates together with
the rotor 804. In an example, the fan 850 may be slip fit
on the rotor shaft 802 without an intermediary bushing.
The interlock mechanism described transmits rotational
torque from the rotor 804 to the fan 850 without a need
to rigidly mount the fan 850 on the rotor shaft 802. In
some examples, a rear motor bearing 858 is seated on
a rear end portion of the rotor shaft 802, within a recessed
portion 857 of the fan 850, and axially supported by the
tool cap 198 coupled to the rear end portion of the tool
housing 190.
[0141] As shown in 8C, the fan 850 includes a fan plate
852 having a central opening 855. In the assembled con-

figuration, the rotor shaft 802 is received through the cen-
tral opening 855 in the fan plate 852. A recessed portion
857 (see FIG. 8B) is formed on a first side of the fan plate
852, surrounding the central opening 855, to accommo-
date the rear motor bearing 858 together with the tool
cap 198. This positioning of the rear motor bearing 858
in the recessed portion 857 defined between the fan plate
852 and the tool cap 198 does not pose a significant
increase in the overall length of the motor assembly 810.
A plurality of blades 851 are provided on a second side
of the fan plate 852, for generating axial airflow through
the example power tool 800 during operation.
[0142] In some examples, a plurality of protrusions 853
are provided on the second side of the fan plate 852. The
protrusions 853 may be so as to correspond to positions
of the magnet pockets 807 of the rotor 804 when the rotor
804 and the fan 850 are coupled. In some examples, a
shape, or a contour, of each of the plurality of protrusions
853 may correspond to a shape, or a contour, of a cor-
responding magnet pocket 807 in which the protrusion
853 is to be received. As shown in FIGs. 8A and 8B, in
some examples, corresponding portions of the rotor core
808 extend beyond, or overhang, a position of rear end
portions of the magnets 806 received in the magnet pock-
ets 807. That is, an axial length of the magnet pockets
807 may be greater than an axial length of the corre-
sponding magnets 806 received therein. Accordingly, in
some examples, the protrusions 853 are inserted into
axial end portions of the corresponding magnet pockets
807 not occupied by the magnets 806 received therein.
Thus, the plurality of protrusions 853 may define geo-
metric interlocking features that, together with the corre-
sponding magnet pockets 807, provide for interlocking
and coupling of the rotor 804 and the fan 850, such that
the fan 850 rotates together with the rotor 804.
[0143] In the example power tool 800, the front motor
bearing 856 has been moved axially forward, and the
cam carrier bearing 854 is substantially radially aligned
with the conductive windings 813, so as to be at least
partially received within a motor envelope 880. The motor
envelope 880 may have a length L8 from the rear plane
to the front plane and a diameter D8 defining a cylindrical
boundary. In some examples, the length L8 associated
with the motor assembly 810 of the example power tool
800 may be less than or equal to the length L2 associated
with the motor assembly 210 shown in FIGs. 2A and 2B
and/or the length L3 associated with the motor assembly
310 shown in FIGs. 3A and 3B and/or the length L4 as-
sociated with the motor assembly 410 shown in FIGs. 4A
and 4B and/or the length L5 associated with the motor
assembly 510 shown in FIGs. 5A and 5B and/or the
length L6 associated with the motor assembly 610 shown
in FIGs. 6A and 6B and/or the length L7 associated with
the motor assembly 710 shown in FIGs. 7A and 7B. In
some examples, the diameter D8 associated with the mo-
tor assembly 810 of the example power tool 800 may be
less than or equal to the diameter D2 associated with the
motor assembly 210 shown in FIGs. 2A and 2B and/or
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the diameter D3 associated with the motor assembly 310
shown in FIGs. 3A and 3B and/or the diameter D4 asso-
ciated with the motor assembly 410 shown in FIGs. 4A
and 4B and/or the diameter D5 associated with the motor
assembly 510 shown in FIGs. 5A and 5B and/or the di-
ameter D6 associated with the motor assembly 610
shown in FIGs. 6A and 6B and/or the diameter D7 asso-
ciated with the motor assembly 710 shown in FIGs. 7A
and 7B.
[0144] In some implementations, the length L8 of the
example motor assembly 810 may be between approx-
imately 16.5 mm and 20.1 mm. In some examples, the
length L8 may be smaller than or equal to approximately
18.2 mm. In some implementations, the diameter D8 of
the example power tool 800 may be between approxi-
mately 45.9 mm and 56.1 mm. In some examples, the
diameter 87 may be smaller than or equal to approxi-
mately 51.0 mm. In some implementations, an overall
axial length of the example power tool 800 may be be-
tween approximately 89.6 mm and 109.0 mm. In some
examples, the overall axial length of the example power
tool 800 may be smaller than or equal to approximately
99.5 mm. In some implementations, an overall girth of
the example power tool 800 may be between approxi-
mately 59.4 mm and 72.6 mm. In some examples, the
overall girth of the example power tool 800 may be small-
er than or equal to approximately 66.0 mm. In some im-
plementations, an axial length from a front end portion
of the motor assembly 810 (i.e., frontmost part of the
conductive windings 813) to a rear end portion of the
carrier 126 i.e., rearmost part of the rear carrier plate
126A) is between approximately 2.6 mm and 4.2 mm. In
some examples, the axial length from the front end por-
tion of the motor assembly 810 to the rear end portion of
the carrier 126 is smaller than or equal to approximately
4.1 mm, preferably smaller than or equal to approximate-
ly 3.7 mm, more preferably smaller than or equal to ap-
proximately 3.3 mm. In some implementations, an axial
length from a rear end portion of the motor assembly 810
to a front end portion of the tool holder 170 is between
approximately 84.3 mm and 103.3 mm. In some exam-
ples, the axial length from the rear end portion of the
motor assembly 710 to the front end portion of the tool
holder 170 is smaller than or equal to approximately 92.8
mm. In some implementations, an inner diameter of the
ring gear mount 730 is between approximately 18.9 mm
and 23.1 mm. In some examples, the inner diameter of
the ring gear mount 830 is smaller than or equal to ap-
proximately 21.0 mm. In some implementations, an outer
diameter of the ring gear mount 830 is between approx-
imately 46.8 mm and 57.2 mm. In some examples, the
outer diameter of the ring gear mount 830 is smaller than
or equal to approximately 52.0 mm. In some examples,
a maximum operating voltage of the removeable power
tool battery pack coupled to the power tool is in the range
of approximately 20V to 80V, and a nominal voltage of
the battery pack is in the range of 18V to 72V. In some
examples, a maximum output power of the motor assem-

bly 810 is between approximately 396.0 W and 484.0 W
when using a 20V battery pack, with a current drawn by
the motor assembly 310 between approximately 22.0
amps and 27.0 amps. In some examples, the output pow-
er of the motor assembly 810 is greater than or equal to
approximately 440 W when using a 20V max battery
pack, with current drawn by the motor assembly 710 be-
ing greater than or equal to approximately 24.5 amps.
Thus, in power tool 800, a ratio of the maximum power
output of the motor assembly 810 to the axial length from
the front end portion of the motor assembly 810 to the
rear end portion of the carrier 126 is greater than or equal
to approximately 109 W/mm, preferably greater than or
equal to approximately 114 W/mm, more preferably
greater than or equal to approximately 120 W/mm. In
some implementations, an output torque of the example
power tool 800 is between approximately 1642.0 in-lbs
and 2007 in-lbs when using a 20V max battery pack. In
some examples, the output torque of the example power
tool 800 is greater than or equal to approximately 1825
in-lbs when using a 20V max battery pack. In some ex-
amples, the output torque of the example power tool 800
is greater than or equal to 2400 in-lbs.
[0145] FIG. 9 presents an example power tool 900, in
accordance with implementations described herein. In
particular, FIG. 9 is a partial cross-sectional view illus-
trating internal components of the example power tool
900.
[0146] The example power tool 900 shown in FIGs. 3A
and 3B includes a motor assembly 910 and a ring gear
mount 930 that are physically configured to provide for
a reduced overall length and/or girth of the power tool
900 (for example, compared to an overall length and/or
girth of the example power tool 100 described above with
respect to FIGs. 1A-1E). Many features of the example
power tool 900 are similar to features of the example
power tool 100 described above with respect to FIGs.
1A-1E and/or the example power tools 200, 300, 400,
500, 600, 700, 800 described above with respect to FIGs.
2A-8B. Thus, duplicative detailed description thereof will
not be repeated except as necessary.
[0147] In the example shown in FIG. 9, the motor as-
sembly 010 includes a solid core rotor configuration, in-
cluding embedded magnets. In the example motor as-
sembly 910 shown in FIG. 9, the solid core rotor config-
uration including the embedded magnets does not form
an annular recess in which the front motor bearing and/or
the rear motor bearing and/or the cam carrier bearing
can be accommodated. Rather, the example motor as-
sembly 910 includes a ring gear mount 930 configured
such that a front motor bearing can be radially aligned
with a cam carrier bearing, and for both the front motor
bearing and the cam carrier bearing to be substantially
radially aligned with corresponding end portion(s) of sta-
tor windings of the motor assembly 910. In this example
arrangement, the cam carrier may index, or set a location
for, or may support a position of the front motor bearing.
The configuration of the ring gear mount 930 allows for
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a reduced overall length of the example power tool 900
(for example compared to the overall length of the exam-
ple power tool 100 described above with respect to FIGs.
1A-1E) and/or an overall length that is less than or equal
to the overall length of the example power tools 200, 300,
400, 500, 600, 700, 800 shown in FIGs. 2A-8B.
[0148] In some examples, the motor assembly 910 in-
cludes a rotor 904 including magnets 906 mounted in
magnet pockets 907 formed in a rotor core 908. The ex-
ample motor assembly 910 has an internal permanent
magnet configuration in which the rotor magnets 906 are
mounted in the magnet pockets 907 defined in the rotor
core 908, such that the rotor magnets 906 are embedded
in the rotor core 908. The rotor core 908 is mounted on
the rotor shaft 902. A stator assembly 911 is positioned
around the rotor 904. The stator assembly 911 includes
a stator core 912 having a series of teeth projecting ra-
dially inward from the stator core 912, and a series of
conductive windings 913 wound around the stator teeth.
[0149] The example ring gear mount 930 includes a
cylindrical or rim-shaped portion 933, and a radial portion
934 extending radially outward from the rim-shaped por-
tion 933 of the ring gear mount 930. The ring gear mount
930 includes an outer rim portion or a lip 931 projecting
axially forward from the radial portion 934, for coupling
with a corresponding portion of the housing 190, and for
receiving and supporting a component of the transmis-
sion assembly 120, such as the ring gear 123. The rim-
shaped portion 933 (for example, together with corre-
sponding portions of the rear carrier plate 126A and the
rearward projection 127 of the carrier 126) defines a bear-
ing pocket 932 in which a cam carrier bearing 954 is
received.
[0150] A front motor bearing 956 is mounted on a pinion
990 which is in turn mounted on the rotor shaft 902, and
is piloted, or set in position, or supported by, by the rear-
ward projection 127 of the rear carrier plate 126A of the
carrier 126. In this example arrangement, the rearward
projection 127 is fitted between the front motor bearing
956 and the cam carrier bearing 954. Thus, in this exam-
ple arrangement, an outer race of the cam carrier bearing
954 is supported by the (stationary) ring gear mount 930,
with an inner race being supported by and rotating with
the rearward projection 127 of the carrier 126. The front
motor bearing 356 is supported by the rearward projec-
tion 127, that rotates with the carrier 126. That is, in this
example, the outer race of the front motor bearing 356
rotates together with the carrier 126, at a somewhat lower
speed than the inner race of the front motor bearing 956
that rotates together with the rotor shaft 902, via the cou-
pling of the pinion 990 to the rotor shaft 902.
[0151] In the example arrangement shown in FIG. 9,
the front motor bearing 956 is in an axially rearward po-
sition, such that the front motor bearing 956 is substan-
tially radially aligned with the cam carrier bearing 954,
and substantially radially aligned with the conductive
windings 913, and the front motor bearing 956 and the
cam carrier bearing 954 are at least partially received

within a motor envelope 980 of the motor assembly 910.
The motor envelope 980 may have a length L9 from a
rear plane to a front plane and a diameter D9 of a cylin-
drical boundary. In some examples, at least a portion of
the front motor bearing 956 and at least a portion of the
cam carrier bearing 954 are received within the motor
envelope 980.
[0152] In some examples, a fan, such as the fan 850
described above with respect to FIGs. 8A and 8B, may
be coupled to the rotor 904, so as to rotate together with
the rotor 904. The fan 850 and/or the rotor 904 may in-
clude geometry that provides for interlocking of the fan
850 and the rotor 904, such that the fan 850 rotates to-
gether with the rotor 904. In some examples, a rear motor
bearing 958 is seated on a rear end portion of the rotor
shaft 902, within the recessed portion 857 of the fan 850,
and axially supported by the tool cap 198 coupled to the
rear end portion of the tool housing 190.
[0153] The plurality of protrusions 853 provided on the
second side of the fan plate 852 may be positioned to
correspond to positions of the magnet pockets 907 of the
rotor 904 when the rotor 904 and the fan 850 are coupled.
In some examples, a shape, or a contour, of each of the
plurality of protrusions 853 may correspond to a shape,
or a contour, of a corresponding magnet pocket 907 in
which the protrusion 853 is to be received. Correspond-
ing portions of the rotor core 908 extend beyond, or over-
hang, a position of the magnets 906 received in the mag-
net pockets 907. That is, an axial length of the magnet
pockets 907 may be greater than an axial length of the
corresponding magnets 906 received therein, so that the
protrusions 853 may be inserted into axial end portions
of the corresponding magnet pockets 907 not occupied
by the magnets 906 received therein. Thus, the plurality
of protrusions 853 may define geometric interlocking fea-
tures that, together with the corresponding magnet pock-
ets 907, provide for interlocking and coupling of the rotor
904 and the fan 850, such that the fan 850 rotates to-
gether with the rotor 904.
[0154] In the example power tool 900, the front motor
bearing 956 and the cam carrier bearing 954 are sub-
stantially radially aligned, and at least partially received
within the motor envelope 980. In some examples, the
length L9 associated with the motor assembly 910 of the
example power tool 900 may be less than or equal to the
length L2 associated with the motor assembly 210 shown
in FIGs. 2A and 2B and/or the length L3 associated with
the motor assembly 310 shown in FIGs. 3A and 3B and/or
the length L4 associated with the motor assembly 410
shown in FIGs. 4A and 4B and/or the length L5 associ-
ated with the motor assembly 510 shown in FIGs. 5A and
5B and/or the length L6 associated with the motor as-
sembly 610 shown in FIGs. 6A and 6B and/or the length
L7 associated with the motor assembly 710 shown in
FIGs. 7A and 7B and/or the length L8 associated with
the motor assembly 810 shown in FIGs. 8A and 8B. In
some examples, the diameter D9 associated with the mo-
tor assembly 910 of the example power tool 900 may be
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less than or equal to the diameter D2 associated with the
motor assembly 210 shown in FIGs. 2A and 2B and/or
the diameter D3 associated with the motor assembly 310
shown in FIGs. 3A and 3B and/or the diameter D4 asso-
ciated with the motor assembly 410 shown in FIGs. 4A
and 4B and/or the diameter D5 associated with the motor
assembly 510 shown in FIGs. 5A and 5B and/or the di-
ameter D6 associated with the motor assembly 610
shown in FIGs. 6A and 6B and/or the diameter D7 asso-
ciated with the motor assembly 710 shown in FIGs. 7A
and 7B and/or the diameter D8 associated with the motor
assembly 810 shown in FIGs. 8A and 8B.
[0155] In some implementations, the length L9 of the
example motor assembly 910 may be between approx-
imately 16.5 mm and 20.1 mm. In some examples, the
length L9 may be smaller than or equal to approximately
18.3 mm. In some implementations, the diameter D9 of
the example power tool 900 may be between approxi-
mately 45.9 mm and 56.1 mm. In some examples, the
diameter D9 may be smaller than or equal to approxi-
mately 51.0 mm. In some implementations, an overall
axial length of the example power tool 900 may be be-
tween approximately 89.6 mm and 109.0 mm. In some
examples, the overall axial length of the example power
tool 900 may be smaller than or equal to approximately
99.5 mm. In some implementations, an overall girth of
the example power tool 900 may be between approxi-
mately 59.4 mm and 72.6 mm. In some examples, the
overall girth of the example power tool 900 may be small-
er than or equal to approximately 66.0 mm. In some im-
plementations, an axial length from a front end portion
of the motor assembly 910 (i.e., frontmost part of the
conductive windings 913) to a rear end portion of the
carrier 126 i.e., rearmost part of the rear carrier plate
126A) is between approximately 3.2 mm and 5.2 mm. In
some examples, the axial length from the front end por-
tion of the motor assembly 910 to the rear end portion of
the carrier 126 is smaller than or equal to approximately
4.8 mm, preferably smaller than or equal to approximate-
ly 4.4 mm, more preferably smaller than or equal to ap-
proximately 4.0 mm. In some implementations, an axial
length from a rear end portion of the motor assembly 910
to a front end portion of the tool holder 170 is between
approximately 84.9 mm and 103.8 mm. In some exam-
ples, the axial length from the rear end portion of the
motor assembly 910 to the front end portion of the tool
holder 170 is smaller than or equal to approximately 93.4
mm. In some implementations, an inner diameter of the
ring gear mount 930 is between approximately 18.9 mm
and 23.1 mm. In some examples, the inner diameter of
the ring gear mount 930 is smaller than or equal to ap-
proximately 21.0 mm. In some implementations, an outer
diameter of the ring gear mount 930 is between approx-
imately 46.8 mm and 57.2 mm. In some examples, the
outer diameter of the ring gear mount 930 is smaller than
or equal to approximately 52.0 mm. In some examples,
a maximum operating voltage of the removeable power
tool battery pack coupled to the power tool is in the range

of approximately 20V to 80V, and a nominal voltage of
the battery pack is in the range of 18V to 72V. In some
examples, a maximum output power of the motor assem-
bly 910 is between approximately 396.0 W and 484.0 W
when using a 20V battery pack, with a current drawn by
the motor assembly 910 between approximately 22.0
amps and 27.0 amps. In some examples, the output pow-
er of the motor assembly 910 is greater than or equal to
approximately 440 W when using a 20V max battery
pack, with current drawn by the motor assembly 910 be-
ing greater than or equal to approximately 24.5 amps.
Thus, in power tool 900, a ratio of the maximum power
output of the motor assembly 910 to the axial length from
the front end portion of the motor assembly 910 to the
rear end portion of the carrier 126 is greater than or equal
to approximately 91.8 W/mm, preferably greater than or
equal to approximately 96.2 W/mm, more preferably
greater than or equal to approximately 101 W/mm. In
some implementations, an output torque of the example
power tool 900 is between approximately 1642.0 in-lbs
and 2007 in-lbs when using a 20V max battery pack. In
some examples, the output torque of the example power
tool 900 is greater than or equal to approximately 1825
in-lbs when using a 20V max battery pack. In some ex-
amples, the output torque of the example power tool 900
is greater than or equal to 2400 in-lbs.
[0156] As noted above, in some examples, a power
tool, in accordance with implementations described here-
in, includes an impact mechanism, such as, for example,
the impact mechanism 140 described above with respect
to the example power tool 100 shown in FIGs. 1A-1E. In
some examples, a front end portion of the cam shaft in-
cludes a pilot tip that is received in a pilot hole in the anvil,
to rotationally support the front end of the cam shaft. This
arrangement may guide axial assembly of the front end
portion of the cam shaft relative to the anvil but may permit
some amount of axial movement of the cam shaft. In this
type of arrangement, the cam carrier bearing may con-
strain some axial movement of the cam carrier.
[0157] FIGs. 10A-10J present features of an example
power tool 1000, in accordance with implementations de-
scribed herein. The example power tool 1000 incorpo-
rates features into the cam carrier that provide for axial
constraint of the cam carrier. The example features may
eliminate the need for a cam carrier bearing to provide
for axial constraint of the cam carrier. In some examples,
the example features may eliminate the need for a front
motor bearing to provide for axial constraint.
[0158] FIG. 10A is a perspective cross-section view,
and FIG. 10B is a side cross-section view, illustrating
internal components of the example power tool 1000.
FIGs. 10C and 10D are partial cross-sectional views, and
FIGs. 10E-10G are perspective views, of components of
an example impact mechanism 1400 of the example
power tool 1000. FIGs. 10H-10J are perspective views
of an example cam carrier 1300 of the example power
tool 1000.
[0159] The example power tool 1000 includes a motor
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assembly 1010 including a rotor 1004, including magnets
1006, mounted on a rotor shaft 1002, and a stator core
1012 with a series of conductive windings 1013, and may
be similar to one or more of the motors assemblies de-
scribed above. A ring gear mount 1030 is coupled to a
corresponding portion of the tool housing 190, for receiv-
ing and supporting a component of the transmission as-
sembly 1020. As best shown in Fig. 10B, the ring gear
mount 1030 includes a plurality of rearward projections
that extend into slots formed between the respective sta-
tor teeth of the stator core 1012 to secure the ring gear
mount 1030 to at least partially restraint the movement
of the stator core 1012 relative to the ring gear mount
1030. It is noted that Fig 10A depicts a cross-sectional
view of the power tool along a plane that intersects the
stator teeth, and Fig. 10B depicts a cross0sectional view
along a plane that intersects the rearward projections. A
rear motor bearing 1058 is mounted at a rear end portion
of the rotor shaft 1002, within a corresponding recess
formed in the rear tool cap 198. A fan 1050 is coupled
so as to rotate together with the rotor 1004, to direct cool-
ing air axially during operation of the power tool 1000. A
transmission assembly 1020 is coupled between the ro-
tor 1004 and a cam carrier 1300, to transmit torque from
the motor assembly 1010 to the cam carrier 1300. The
transmission assembly1020 includes a pinion coupled
on the rotor shaft 1002, having a sun gear 1022 formed
on an end portion thereof, and one or more planet gears
1024 in meshed engagement with the sun gear 1022.
The one or more planet gears 1024 are mounted in the
cam carrier 1300 on pins 1025 that allow for rotation of
the planet gears 1024 in response to rotation of the sun
gear 1022. This transmission arrangement may be sim-
ilar to one or more of the transmission arrangements de-
scribed above.
[0160] In this example arrangement, the cam carrier
1300 includes a first, or rear carrier plate 1320A and a
second, or front carrier plate 1320B, that support the one
or more planet gears 1024, and may be similar to one or
more of the cam carriers described above. In other im-
plementations the cam carrier may include only a single
carrier plate that supports the pins that support the planet
gears. In response to the application of power to the mo-
tor assembly 1010, the rotor shaft 1002 and the sun gear
1022 rotate, causing the planet gears 1024 to orbit the
sun gear 1022, and the cam carrier 1300 to rotate at a
reduced speed relative to the rotational speed of the rotor
shaft 1002.
[0161] The example power tool 1000 includes an im-
pact mechanism 1400 including the cam shaft 1310, with
a generally cylindrical hammer 1412 received over the
cam shaft 1310. In some examples, the hammer 1412
may selectively engage an output spindle 1160 of the
power tool 1000, based on a position of the hammer 1412
on the cam shaft 1310. The hammer 1412 may be mov-
ably coupled on the cam shaft 1310, and may include
lugs 1418 configured to engage corresponding projec-
tions extending radially from an anvil 1414 fixedly cou-

pled on an output spindle 1160. A compression spring
1141 is received in a cylindrical recess in the hammer
1412, abutting a forward face of the front carrier plate
1320B. The spring 1141 biases the hammer 1412 toward
the anvil 1414 so that the lugs engage the corresponding
projections formed on the anvil 1414. The impact mech-
anism may be similar to one or more of the impact mech-
anisms described above.
[0162] In this example arrangement, an external an-
nular groove 1335 is formed in a pilot tip 1330 of the cam
shaft 1310. A corresponding interior annular groove 1415
is formed in a pilot hole 1416 of the anvil 1414. A plurality
of ball bearings1440 are received in an annular channel
defined by the external annular groove 1335 and the in-
terior annular groove 1415. The plurality of ball bearings
may provide for both rotational support and axial support
of the cam carrier 1300. In some examples, the anvil
1414 may include a radial opening 1419 to facilitate in-
sertion of the ball bearings 1440 into the annular channel
defined by the annular grooves 1415, 1335 during as-
sembly. In some examples, the radial opening 1419 may
be closed (for example, after insertion of the plurality of
ball bearings 1440) by a closing device 1425 such as,
for example, lock spring, a set screw, a plug, or other
such closing device.
[0163] In this example arrangement, the support pro-
vided by the plurality of ball bearings 1440 received in
the annular channel defined by the annular grooves
1415, 1335 at the front end portion of the cam shaft 1310
allows for elimination of a cam carrier bearing and/or a
front motor bearing that would otherwise be used to sup-
port a rear portion of the cam carrier 1300 and/or a front
end portion of the rotor shaft 1002. This arrangement
reduces the overall length and/or girth of the power tool.
[0164] As shown in FIGs. 10H-10J, in some examples,
such a cam carrier bearing and/or a front motor bearing
may be replaced with rolling disks 1500 supported on a
rear side of the rear carrier plate 1320A. In particular, the
rolling disks 1500 may be supported on the rear carrier
plate 1320A by the same pins 1025 on which the planet
gears 1024 are mounted. In response to rotation of the
rotor shaft 1002, the rolling disks 1500 may roll against
the rotor shaft 1002 and/or a pinion that is press fit onto
the rotor shaft 1002. In response to rotation of the rotor
shaft 1002, the rolling disks may roll against an interior
facing rim portion 1520 of a ring gear 1023 of the trans-
mission assembly 1020. The rolling action of the rolling
disks 1500 may provide radial support for the rotor shaft
1002 and the cam carrier 1300. In some examples, the
rolling disks 1500 may roll against an inside rim of the
ring gear mount 1030 to which the ring gear 1023 is fixed.
The rolling disks may have a thickness or axial length
that is substantially less than a thickness or axial length
of a cam carrier bearing. In some implementations, the
rolling disks may have a thickness of between approxi-
mately 1.8 mm and 2.2 mm. In some examples, the rolling
disks 1500 may have a thickness of approximately 2.0
mm. In some implementations, the rolling disks 1500 may
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have a diameter of between approximately 11.7 mm and
14.3 mm. In some examples, the rolling disks 1500 may
have a diameter of approximately 13.0 mm. This arrange-
ment may reduce an overall length and/or an overall girth
of the example power tool 1000.
[0165] In some implementations, a length L10 of a mo-
tor envelope associated with the motor assembly 1010
of the example power tool 1000 may be between approx-
imately 19.1 mm and 23.3 mm. In some examples, the
length L10 may be less than or equal to approximately
21.2 mm. In some implementations, a diameter D10 of
the motor envelope associated with the motor assembly
1010 of the example power tool 1000 may be between
approximately 45.9 mm and 56.1 mm. In some examples,
the diameter D10 may be less than or equal to approxi-
mately 51.0 mm. In some implementations, an overall
axial length of the example power tool 1000 may be be-
tween approximately 88.7 mm and 108.4 mm. In some
examples, the overall axial length of the example power
tool 1000 may be less than or equal to approximately
98.5 mm. In some implementations, an overall girth of
the example power tool 1000 may be between approxi-
mately 59.4 mm and 72.6mm. In some examples, the
overall girth of the example power tool 1000 may be less
than or equal to approximately 66.0 mm. In some imple-
mentations, an axial length from a front end portion of
the motor assembly 1010 (i.e., frontmost part of the con-
ductive windings 1013) to a rear end portion of the cam
carrier 1300 (i.e., rearmost part of the rear carrier plate
1320A) is between approximately 3.0 mm and 5.0 mm.
In some examples, the axial length from the front end
portion of the motor assembly 1010 to the rear end portion
of the cam carrier 1300 is smaller than or equal to ap-
proximately 4.5 mm, preferably smaller than or equal to
approximately 4.1 mm, more preferably smaller than or
equal to approximately 3.7 mm. In some implementa-
tions, an axial length from a rear end portion of the motor
assembly 1010 to a front end portion of the tool holder
170 is between approximately 84.9 mm and 103.8 mm.
In some examples, the axial length from the rear end
portion of the motor assembly 1010 to the front end por-
tion of the tool holder 170 is less than or equal to approx-
imately 94.3 mm. In some implementations, an inner di-
ameter of the ring gear mount 1030 is between approx-
imately 12.6 mm and 15.4 mm. In some examples, the
inner diameter of the ring gear mount 1030 is less than
or equal to approximately 14.0 mm. In some implemen-
tations, an outer diameter of the ring gear mount 1030 is
between approximately 46.4 mm and 56.7 mm. In some
examples, the outer diameter of the ring gear mount 1030
is less than or equal to approximately 51.5 mm. In some
examples, a maximum operating voltage of the remove-
able power tool battery pack coupled to the power tool
is in the range of approximately 20V to 80V, and a nominal
voltage of the battery pack is in the range of 18V to 72V.
In some examples, a maximum output power of the motor
assembly 1010 is between approximately 606.0 W and
737.0 W when using a 20V battery pack, with a current

drawn by the motor assembly 1010 between approxi-
mately 31.3 amps and 38.3 amps. In some examples,
the output power of the motor assembly 1010 is greater
than or equal to approximately 670 W when using a 20V
max battery pack, with current drawn by the motor as-
sembly 1010 being greater than or equal to approximate-
ly 34.8 amps. Thus, in power tool 1000, a ratio of the
maximum power output of the motor assembly 1010 to
the axial length from the front end portion of the motor
assembly 1010 to the rear end portion of the cam carrier
1300 is greater than or equal to approximately 163
W/mm, preferably greater than or equal to approximately
171 W/mm, more preferably greater than or equal to ap-
proximately 180 W/mm. In some implementations, an
output torque of the example power tool 1000 is between
approximately 2498 in-lbs and 3053 in-lbs when using a
20V max battery pack. In some examples, the output
torque of the example power tool 1000 is greater than or
equal to approximately 2775 in-lbs when using a 20V
max battery pack. In some examples, the output torque
of the example power tool 1000 is greater than or equal
to 3650 in-lbs.
[0166] A number of embodiments have been de-
scribed. Nevertheless, it will be understood that various
modifications may be made without departing from the
spirit and scope of the specification.
[0167] In addition, any logic flows depicted in the fig-
ures do not require the particular order shown, or se-
quential order, to achieve desirable results. In addition,
other steps may be provided, or steps may be eliminated,
from the described flows, and other components may be
added to, or removed from, the described systems. Ac-
cordingly, other embodiments are within the scope of the
following claims.
[0168] The terminology used herein is for the purpose
of describing particular example embodiments only and
is not intended to be limiting. As used herein, the singular
forms "a," "an," and "the" may be intended to include the
plural forms as well, unless the context clearly indicates
otherwise. The terms "comprises," "comprising," "includ-
ing," and "having," are inclusive and therefore specify the
presence of stated features, integers, steps, operations,
elements, and/or components, but do not preclude the
presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or
groups thereof. The method steps, processes, and op-
erations described herein are not to be construed as nec-
essarily requiring their performance in the particular order
discussed or illustrated, unless specifically identified as
an order of performance. It is also to be understood that
additional or alternative steps may be employed.
[0169] When an element or layer is referred to as being
"on," "engaged to," "connected to," or "coupled to" an-
other element or layer, it may be directly on, engaged,
connected or coupled to the other element or layer, or
intervening elements or layers may be present. In con-
trast, when an element is referred to as being "directly
on," "directly engaged to," "directly connected to," or "di-
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rectly coupled to" another element or layer, there may
be no intervening elements or layers present. Other
words used to describe the relationship between ele-
ments should be interpreted in a like fashion (e.g., "be-
tween" versus "directly between," "adjacent" versus "di-
rectly adjacent," etc.). As used herein, the term "and/or"
includes any and all combinations of one or more of the
associated listed items.
[0170] Although the terms first, second, third, etc. may
be used herein to describe various elements, compo-
nents, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not
be limited by these terms. These terms may be only used
to distinguish one element, component, region, layer or
section from another region, layer or section. Terms such
as "first," "second," and other numerical terms when used
herein do not imply a sequence or order unless clearly
indicated by the context. Thus, a first element, compo-
nent, region, layer or section discussed below could be
termed a second element, component, region, layer or
section without departing from the teachings of the ex-
ample embodiments.
[0171] Terms of degree such as "generally," "substan-
tially," "approximately," and "about" may be used herein
when describing the relative positions, sizes, dimen-
sions, or values of various elements, components, re-
gions, layers and/or sections. These terms mean that
such relative positions, sizes, dimensions, or values are
within the defined range or comparison (e.g., equal or
close to equal) with sufficient precision as would be un-
derstood by one of ordinary skill in the art in the context
of the various elements, components, regions, layers
and/or sections being described.
[0172] While certain features of the described imple-
mentations have been illustrated as described herein,
many modifications, substitutions, changes and equiva-
lents will now occur to those skilled in the art. It is, there-
fore, to be understood that the appended claims are in-
tended to cover all such modifications and changes as
fall within the scope of the implementations. It should be
understood that they have been presented by way of ex-
ample only, not limitation, and various changes in form
and details may be made. Any portion of the apparatus
and/or methods described herein may be combined in
any combination, except mutually exclusive combina-
tions. The implementations described herein can include
various combinations and/or sub-combinations of the
functions, components and/or features of the different
implementations described.

Claims

1. A power tool, comprising:

a housing having a rear end portion and a front
end portion opposite the rear end portion, the
front end portion corresponding to a working end

of the power tool;
a motor assembly received in the housing, the
motor assembly including:

a rotor configured to rotate about a central
axis of the power tool;
a stator assembly operably coupled to the
rotor; and
magnets received in magnet pockets de-
fined in the rotor;

a rotor shaft extending along the central axis,
the rotor shaft being coupled to the rotor so as
to be driven by the rotor;
a transmission assembly coupled to the rotor
shaft and configured to transmit a torque gen-
erated by the motor assembly to an output spin-
dle;
a first bearing configured to support the rotor
shaft; and
a second bearing configured to support a com-
ponent of the transmission assembly,
wherein at least a portion of the second bearing
is radially aligned with at least a portion of the
first bearing.

2. The power tool of claim 1, wherein the first bearing
and the second bearing are at least partially received
within a motor envelope defined by a first plane cor-
responding to a rearmost portion of the motor as-
sembly and a second plane corresponding to a front-
most portion of the motor assembly.

3. The power tool of claim 1, wherein

the first bearing includes:

an inner race positioned on the rotor shaft
such that the inner race of the first bearing
rotates together with the rotor shaft at a first
speed; and
an outer race supported on a first side sur-
face of a cam carrier plate of the transmis-
sion assembly such that the outer race of
the first bearing rotates together with the
cam carrier plate at a second speed that is
less than the first speed; and

the second bearing includes:

an inner race positioned on a second side
surface of the cam carrier plate, opposite
the first side surface thereof, such that the
inner race of the second bearing rotates to-
gether with cam carrier plate at the second
speed; and
an outer race supported on radial projection
of a ring gear mount coupled to the housing,
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such that the outer race of the second bear-
ing is substantially stationary.

4. The power tool of claim 1, further comprising:

a third bearing coupled to an end portion of the
rotor shaft, opposite an end portion of the rotor
shaft to which the first bearing is coupled, and
configured to support the rotor shaft, wherein
the third bearing is received in a bearing pocket
defined in a corresponding portion of the hous-
ing; and
a fan coupled to the rotor shaft, positioned axially
between the third bearing and the motor assem-
bly.

5. The power tool of claim 1, wherein the first bearing
is mounted on the rotor shaft, positioned axially be-
tween the motor assembly and a cam carrier of the
transmission assembly, such that an axial position
of the first bearing is constrained by the cam carrier.

6. A power tool, comprising:

a housing having a rear end portion and a front
end portion opposite the rear end portion, the
front end portion corresponding to a working end
of the power tool;
a motor assembly received in the housing, the
motor assembly including:

a rotor having a rear end portion and a front
end portion configured to rotate about a cen-
tral axis of the power tool;
a stator assembly operably coupled to the
rotor; and
magnets received in magnet pockets de-
fined in the rotor;

a rotor shaft extending along the central axis,
the rotor shaft being coupled to the rotor so as
to be driven by the rotor;
a transmission assembly coupled to the rotor
and configured to transmit a force generated by
the motor assembly to an output spindle, the
transmission assembly including a carrier, a
gear carried by the carrier, and an output mem-
ber coupled for rotation with the carrier and ex-
tending toward the front end portion;
a first bearing configured to support the front end
portion of the rotor shaft, the first bearing in a
bearing pocket defined in a cam shaft at least
partially axially forward of the gear carried by
the carrier; and
a second bearing configured to support the car-
rier, the second bearing being received between
the carrier and the housing, such that the second
bearing is such that the second bearing is locat-

ed between the motor assembly and the first
bearing along the central axis and positioned
axially rearward of the first bearing.

7. The power tool of claim 6, wherein 1) it further com-
prises a pinion having a proximal end portion coupled
to the rotor shaft, and a distal end portion positioned
in a bearing pocket defined in a cam shaft of a cam
carrier of the transmission assembly; and/or 2)
the second bearing is radially aligned with end wind-
ings of the stator assembly, and is at least partially
received within a motor envelope defined by a first
plane corresponding to a rearmost portion of the mo-
tor assembly and a second plane corresponding to
a frontmost portion of the motor assembly; and/or 3)
the second bearing is positioned axially rearward of
a gear assembly of the transmission assembly.

8. The power tool of claim 7, wherein

the first bearing includes:

an inner race positioned on the distal end
portion of the rotor shaft such that the inner
race of the first bearing rotates together with
the rotor shaft, via the pinion, at a first speed;
and
an outer race supported on an inner wall of
the bearing pocket defined in the cam shaft
such that the outer race of the first bearing
rotates together with the carrier at a second
speed that is less than the first speed; and

the second bearing includes:

an inner race positioned on a rear plate por-
tion of the cam carrier such that the inner
race of the second bearing rotates at the
second speed together with cam carrier;
and
an outer race supported on radial projection
of a ring gear mount, such that the outer
race of the second bearing is substantially
stationary.

9. The power tool of claim 6, further comprising:

a third bearing coupled to a proximal end portion
of the rotor shaft and configured to support the
rotor shaft, wherein the third bearing is received
in a bearing pocket defined in a corresponding
portion of the housing; and
a fan coupled to the rotor shaft, positioned axially
between the third bearing and the motor assem-
bly.

10. A power tool, comprising:
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a housing having a rear end portion and a front
end portion opposite the rear end portion, the
front end portion corresponding to a working end
of the power tool;
a motor assembly received in the housing, the
motor assembly including:

a rotor configured to rotate about a central
axis of the power tool;
a stator assembly operably coupled to the
rotor; and
magnets received in magnet pockets de-
fined in the rotor;

a rotor shaft extending along the central axis,
the rotor shaft being coupled to the rotor so as
to be driven by the rotor;
a transmission assembly, including a cam car-
rier, coupled to the rotor shaft and configured to
transmit a force generated by the motor assem-
bly to an output spindle, and an annular rearward
projection coaxial with the central axis;
a fan coupled to a front axial end of the rotor;
a first bearing mounted on the annular rearward
projection within a first bearing pocket and con-
figured to support the fan; and
a second bearing mounted on the annular rear-
ward projection within a second bearing pocket
and configured to support the cam carrier, the
second bearing pocket being positioned axially
forward of the first bearing pocket.

11. The power tool of claim 10, wherein 1) a central hub
portion of the fan is radially aligned with stator end
windings of the stator assembly; and/or 2) at least
the first bearing pocket and first bearing mounted
therein are at least partially received within a motor
envelope defined by a first plane corresponding to a
rearmost portion of the motor assembly and a sec-
ond plane corresponding to a frontmost portion of
the motor assembly.

12. The power tool of claim 10, wherein the second bear-
ing pocket is axially aligned with the first bearing
pocket and/or 2) the first bearing pocket is defined
by a central hub portion of the fan and a rear plate
portion of the cam carrier, such that the first bearing
is radially aligned with the central hub portion of the
fan and with stator end windings of the stator assem-
bly; and

the second bearing pocket is defined by a radial
portion of a ring gear mount coupled to the hous-
ing and a rear plate portion of the cam carrier,
such that the second bearing is radially aligned
with blades of the fan; 3) and/or
the first bearing includes:

an inner race positioned on a rear plate por-
tion of the cam carrier such that the inner
race of the first bearing rotates at a first
speed together with the cam carrier; and
an outer race supported on an inner wall of
a central hub portion of the fan such that the
outer race of the first bearing rotates at a
second speed together with the fan; and

the second bearing includes:

an inner race positioned on the rear plate
portion of the cam carrier such that the inner
race of the second bearing rotates together
with cam carrier at the first speed; and
an outer race supported on radial projection
of a ring gear mount fixed to the housing,
such that the outer race of the second bear-
ing is substantially stationary.

13. The power tool of claim 10, further comprising:

a pinion that mounts the fan on the rotor shaft,
wherein the pinion mounting of the fan on the
rotor shaft supports an axial position of the first
bearing relative to the rotor; and
a third bearing coupled to a rear end portion of
the rotor shaft, such that the rotor is positioned
between the third bearing and the fan, wherein
the third bearing is received in a bearing pocket
defined in a corresponding portion of the hous-
ing.

14. The power tool of claim 11, wherein

the first bearing pocket and the first bearing re-
ceived therein are radially aligned with a central
hub portion of the fan and with stator end wind-
ings of the stator assembly;
the second bearing pocket and the second bear-
ing received therein are radially aligned with
blades of the fan;
a central hub portion of the fan has a stepped
configuration; and
a ring gear mount positioned axially forward from
the central hub portion of the fan and coupled
to the housing has a stepped configuration cor-
responding to the stepped configuration of the
central hub portion.

15. The power tool of claim 14, wherein

the first bearing pocket is defined by a first
stepped portion of the ring gear mount corre-
sponding to a first stepped portion of the central
hub portion of the fan;
the second bearing pocket is defined by a sec-
ond stepped portion of the ring gear mount cor-
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responding to a second stepped portion of the
central hub portion of the fan;
the first bearing includes:

an inner race positioned on a pinion mount-
ed on the rotor shaft such that the inner race
of the first bearing rotates at a first speed
together with the rotor shaft via the pinion;
and
an outer race supported on the first stepped
portion of the ring gear mount such that the
outer race of the first bearing is substantially
stationary; and

the second bearing includes:

an inner race positioned on a rear plate por-
tion of the cam carrier such that the inner
race of the second bearing rotates at a sec-
ond speed together with the cam carrier;
and
an outer race supported on the second
stepped portion of the ring gear mount such
that the outer race of the second bearing is
substantially stationary.
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