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Description
RELATED APPLICATIONS

[0001] The present application relates to and claims
priority to U.S. Provisional Patent Application, Serial No.
62/171,741, filed on June 5, 2015, and U.S. Patent Ap-
plication No. 15/172,420, filed on June 3, 2016, entitled
"Impact Tools with Ring Gear Alignment Features." The
subject matter disclosed in the above-referenced appli-
cations is hereby expressly incorporated by reference
into the present application.

TECHNICAL FIELD AND SUMMARY

[0002] The present disclosure relates, generally, to
power tools and, more particularly, to impact tools includ-
ing a ring gear alignment feature.

[0003] Many power toolsinclude gear assemblies con-
figured to translate rotational forces produced by a motor
into rotation of an output spindle of the power tool. In
such power tools, it is generally desirable to have the
positions of the motor and the gear assembly fixed rela-
tive to one another for proper operation of the power tool.
It would, therefore, be beneficial to have certain features
on the power tool include piloting features to assist as-
sembling certain structures and keep them fixed relative
to other structures.

[0004] To that end, an illustrative embodiment of the
present disclosure provides a hand-held power tool
which comprises a housing, a motive source, a front end-
bell, an output shaft, a front housing, a gear setassembly,
a first set of piloting features, and a second set of piloting
features. The housing supports the motive source and
includes a front endbell. The output shaft protrudes from
an output end at the front endbell of the housing. The
output shaft is also functionally coupled to the motive
source such that the output shaft rotates in response to
activation of the motive source when the motive source
is supplied with power. The front housing defines an in-
terior space. The output shaft is located in the interior
space of the front housing. The gear set assembly is lo-
cated in the interior space of the front housing, and is
configured to transfer rotation from the motive source to
an output spindle. The gear set assembly also includes
aring gear characterized by an annular ring body having
a plurality of teeth located on the interior periphery of the
annular ring body and a surface located on an exterior
periphery of the annular ring body opposite the interior
periphery. The ring gear surrounds a portion of the output
shaft and abuts the front endbell of the housing. The sur-
face of the exterior periphery of the ring gear abuts an
interior surface of the fronthousing. The first set of piloting
features is located on the interior surface of the front
housing and on the surface of the exterior periphery of
the ring gear, and is configured to prevent movement of
the ring gear relative to the motive source and the front
housing. The second set of piloting features is located
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on the front housing and on the endbell of the housing,
and is configured to prevent the front housing from mov-
ing relative to the housing.

[0005] In the above and other embodiments of the
present disclosure may also comprise: the front housing
being a hammer case; the impact mechanism being sup-
ported in the hammer case; the front housing being at-
tached to the housing with fasteners; the gear set as-
sembly including a planetary gear set; the first set of pi-
loting features further comprise one or more grooves
formed in the interior surface of the front housing, and
one or more corresponding ridges formed on the surface
of the exterior periphery of the annular ring body of the
ring gear, wherein the one or more grooves are config-
ured to receive the one or more corresponding ridges to
prevent movement between the front housing and the
ring gear; the first set of piloting features having one or
more grooves formed in the surface of the exterior pe-
riphery of the annular ring body of the ring gear, and one
or more corresponding ridges formed on the interior sur-
face of the front housing, wherein the one or more
grooves are configured to receive the one or more cor-
responding ridges to prevent movement between the
front housing and the ring gear; the second set of piloting
features having one or more corresponding ridges
formed on an outer surface of the front endbell of the
housing, wherein each of the one or more grooves of the
front housing is sized to receive both a corresponding
ridge formed on the surface of the exterior periphery of
the annular ring body of the ring gear and the one or more
corresponding ridges formed on an outer surface of the
front endbell, wherein each of the one or more grooves
extends axially along the interior surface of the fronthous-
ing; dimensions of each of the one or more ridges formed
on the surface of the exterior periphery of the annular
ring body of the ring gear are substantially similar to di-
mensions of each of the one or more corresponding ridg-
es formed on the outer surface of the front endbell; the
interior surface of the front housing defines an inner di-
ameter of the outer periphery of the ring body of the ring
gear and an outer diameter of the front endbell; the one
or more grooves of the front housing align with the one
or more ridges formed on the surface of the exterior pe-
riphery of the annular ring body of the ring gear and the
one or more corresponding ridges formed on the outer
surface to advance the front housing axially along a cen-
tral axis toward the housing to engage and secure to the
housing; the one or more grooves of the front housing
include aflange surface configured to clamp the ring gear
against the front endbell when the front housing is se-
cured to the housing; the first set of piloting features fur-
ther comprise one or more ridges formed on the front
housing and one or more corresponding grooves formed
on the surface of the outer periphery of the ring gear and
the one or more corresponding grooves formed on the
front endbell; the front endbell being configured to sur-
round atleast a portion of the ring gear to align and secure
the ring gear in relation to the motive source, wherein the
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front housing is configured to operatively couple the
housing, the front endbell, and the ring gear together; the
front endbell including an annular flange formed in a front
end of the front endbell, wherein the annular flange in-
cludes an inner surface configured to from a cavity sized
to receive a portion of the ring gear; the inner surface of
the annular flange of the endbell operatively couples to
an outer surface of the ring gear when the ring gear to
prevent the ring gear from rotating during normal opera-
tion; the front housing is configured to be secured to the
outer surface of the housing, wherein the front housing
includes a housing flange and a gear assembly surface,
wherein the housing flange is configured to operatively
couple to the outer surface of the housing to secure the
front housing to tool housing, and wherein the gear as-
sembly surface is configured to abut the annular flange
of the front endbell and the ring gear so the front housing
cooperates with the front endbell to hold the ring gear;
the first set of piloting features including the ring gear
insert molded to the front endbell, wherein the front hous-
ing is operatively coupled to the ring gear, the front end-
bell, and wherein front housing includes a nose piece
located adjacent the output spindle; the front housing in-
cluding a tapered section and a flange, wherein the ta-
pered section of the front housing is configured to oper-
atively couple to an inner surface of the housing, and
wherein the flange is configured to operatively couple to
outer surfaces of the ring gear; the ring gear including a
lip formed on an interior portion of the ring gear, wherein
the lip is configured to cooperate with the front endbell;
the ring gear being secured to the front endbell, wherein
securement features are formed on the ring gear which
are filled with a plastic material that holds the ring gear
to the front endbell, wherein the securement features are
selected from the group consisting of at least one raised
structure and one or more recess; the ring gear being
secured to the front endbell, and wherein the hand-held
power tool neither comprises securement features that
include one or more fasteners engage fastener guide
bores formed in the front endbell and are configured to
align with corresponding fastener guide bores formed in
the ring gear; and the ring gear being molded into part
of the front housing.

[0006] Another illustrative embodiment of the present
disclosure provides a hand-held power tool which com-
prises a housing, a motive source, a front endbell, an
output shaft, a front housing, and a gear set assembly.
The housing supports motive source, and includes the
front endbell. The output shaft protrudes from an output
end at the front endbell of the housing, and is functionally
coupled to the motive source such that the output shaft
rotates in response to activation of the motive source
when the motive source is supplied with power. The front
housing defines an interior space, and the output shaft
is located in that interior space. The gear set assembly
is located in the interior space of the front housing, and
is configured to transfer rotation from the motive source
to an output spindle. The gear set assembly also includes
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aring gear characterized by an annular ring body having
a plurality of teeth located on the interior periphery of the
annular ring body and a surface located on an exterior
periphery of the annular ring body opposite the interior
periphery. The ring gear surrounds a portion of the output
shaft and abuts the front endbell of the housing. The front
housing and ring gear further include one or more piloting
features, each of the one or more piloting features being
configured to mate the front housing with the ring gear.
[0007] In the above and other embodiments of the
present disclosure may also comprise: one or more pi-
loting features configured to mate the front housing with
the front endbell; the one or more piloting features includ-
ing one or more grooves formed in an interior surface of
the front housing, and one or more corresponding ridges
formed on a surface of an exterior periphery of the ring
gear, wherein the one or more grooves are configured
to receive the one or more corresponding ridges to pre-
vent movement between the front housing and the ring
gear; the one or more piloting features further comprise
one or more grooves formed in the surface of the exterior
periphery ofthe ring gear, and one or more corresponding
ridges formed on the interior surface of the front housing,
wherein the one or more grooves are configured to re-
ceive the one or more corresponding ridges to prevent
movement between the front housing and the ring gear.
[0008] Another illustrative embodiment of the present
disclosure provides a hand-held power tool which com-
prises a housing, a motive source, a front endbell, an
output shaft, a front housing, and a gear set assembly.
The housing supports the motive source. The housing
includes the front endbell. The output shaft protrudes
from an output end at the front endbell of the housing,
and is functionally coupled to the motive source such that
the output shaft rotates in response to activation of the
motive source when the motive source is supplied with
power. The front housing defines an interior space, and
the output shaftis located in thatinterior space. The gear
set assembly is located in the interior space of the front
housing, and is configured to transfer rotation from the
motive source to an output spindle. The gear set assem-
bly also includes aring gear characterized by an annular
ring body having a plurality of teeth located on the interior
periphery of the annular ring body, and a surface located
on an exterior periphery of the annular ring body opposite
the interior periphery. The ring gear surrounds a portion
of the output shaft and abuts the front endbell of the hous-
ing. Thering gear is inserted molded into the frontendbell
of the housing such that ring gear is restrained against
both axial and rotational movement relative to the front
endbell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The concepts described in the present disclo-
sure are illustrated by way of example and not by way of
limitation in the accompanying figures. For simplicity and
clarity of illustration, elements illustrated in the figures
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are not necessarily drawn to scale. For example, the di-
mensions of some elements may be exaggerated relative
to other elements for clarity. Further, where considered
appropriate, reference labels may be repeated among
the figures to indicate corresponding or analogous ele-
ments.

FIG. 1 is perspective view of an illustrative power
tool;

FIG. 2 is a side elevation view of the power tool of
FIG. 1;

FIG. 3 is a front elevation view of the power tool of
FIG. 1;

FIG. 4 is a rear elevation view of the power tool of
FIG. 1;

FIG. 5 is a cross-section view of a motor assembly,
a hammer case, and a ring gear of the power tool of
FIG. 1;

FIG. 6 is a magnified cross-section view the inter-
faces between the motor assembly, the hammer
case, and the ring gear of the power tool of FIG. 1;
FIG. 7 is a perspective view of the motor assembly,
the hammer case, and the ring gear of the power
tool of FIG. 1;

FIG. 8 is a cut-away perspective view of the motor
assembly, the hammer case, and the ring gear of
the power tool of FIG. 1;

FIG. 9 is a top view of another embodiment of the
hammer case and the ring gear that may be used
with the power tool of FIG. 1;

FIG. 10 is a top view of yet another embodiment of
the hammer case and the ring gear that may be used
with the power tool of FIG. 1;

FIG. 11 is a cut-away side elevation view of still an-
other embodiment of ring gear alignment features
that may be used with the power tool of FIG. 1;
FIG. 12 is a cut-away side elevation view of yet an-
other embodiment of ring gear alignment features
that may be used with the power tool of FIG. 1;
FIG. 13 is a top plan view of the ring gear shown in
FIG. 12;

FIG. 14 is a bottom plan view of the ring gear shown
in FIG. 12; and

FIG. 15 is a perspective view of a motor assembly
and the ring gear shown in FIG. 12.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010] While the concepts of the present disclosure
are susceptible to various modifications and alternative
forms, specific exemplary embodiments thereof have
been shown by way of example in the drawings and will
herein be described in detail. It should be understood,
however, that there is no intent to limit the concepts of
the present disclosure to the particular forms disclosed,
but on the contrary, the intention is to cover all modifica-
tions, equivalents, and alternatives falling within the spirit
and scope of the present disclosure.
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[0011] ReferringnowtoFIGS. 1-4, anillustrative power
tool 10 is shown. The power tool 10 is illustratively em-
bodied as a cordless, electric power tool. In particular,
the power tool 10 is shown in FIG. 1 as a pistol-grip style
cordless electric impact tool, which includes an impact
mechanism in-line with an output of the tool 10. It should
be appreciated, however, that in other embodiments, the
power tool 10 may be embodied as another type ofimpact
tool, such as an angle impact tool in which the output of
the tool 10 is disposed at an angle (e.g., aright angle) to
the impact mechanism. It is appreciated that power tool
10 may include a native source such as a motorincluding
an electric motor, or a pneumatic motor, for example.
[0012] The illustrative power tool 10 includes a tool
housing 12 and a hammer case 14 as shown in FIG. 1.
The tool housing 12 defines a body 16, a back cap 18,
and a handle 20. The body 16 defines an interior space
22 in which a motor assembly 24 of the tool 10 is posi-
tioned. It is appreciated that motor assembly 24 may in-
clude a motive source such as an electric motor(either
corded or cordless), air, or other fluid motor. The back
cap 18 is coupled to the body 16 when the tool 10 is
assembled to close off the interior space 22 and define
a back end 26 that is positioned opposite the hammer
case 14 of the tool 10. The back cap 18 is coupled to the
body 16 using fasteners 28 (best seen in FIG. 4) that
extend through the back cap 18 and into the motor as-
sembly 24 (see Figs. 5, 7, and 8).

[0013] Inthe illustrative embodiment, the handle 20 of
the tool housing 12 extends away from the body 16 and
is configured to be graspable by a user of the tool 10. A
power source connection 30 is positioned at an end 32
of the handle 20 opposite the body 16. The power source
connection 30 may be configured to connect to any
source of power, such as, forexample, a battery, a source
of motive fluid, or an outlet connected to an electrical
grid. In the illustrative embodiment, a power source 34
of the power tool 10 is a battery attached to the power
source connection 30.

[0014] The tool 10 includes a number of user-selecta-
ble input devices, which may be embodied as triggers,
switches, or knobs configured to allow the user to adjust
one or more features of the power tool 10. For example,
the handle 20 includes trigger 36 configured to, among
other things, turn an electric motor 38 (see Fig. 6) on/off
in use of the tool 10. A Forward/Neutral/Reverse
("F/N/R") switch 40 is positioned in the handle 20 near
the body 16 and the trigger 36. The F/N/R switch 40,
among other things, is configured to control the direction
of rotation of the motor 38. A control knob 42 is positioned
on the back cap 18 of the tool 10 (as best seen in FIG.
4) and is configured to adjust the mode of operation of
the power tool 10.

[0015] The hammer case 14 is positioned on the body
16 of the tool housing 12 opposite the back cap 18. The
hammer case 14 includes a tool end 44 configured to
couple to the tool housing 12 and an output end 46 that
includes an aperture 48 through which an output spindle
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50 of the tool 10 protrudes. The hammer case 14 defines
an interior space 52 in which a gear assembly 54 and an
impact mechanism (not shown) are housed. In the illus-
trative embodiment, the hammer case 14 is removably
coupled to the tool housing 12 through one or more fas-
teners (not shown). In other embodiments, the hammer
case 14 may be removably coupled to the tool housing
12 via other mechanisms (e.g., a snap fit).

[0016] Referring now to FIGS. 5 and 6, the motor as-
sembly 24 includes the electric motor 38, a front endbell
56, and a rear endbell 58. The electric motor 38 is illus-
tratively embodied as a brushless DC electric motor. The
electric motor 38 includes a rotor 60 configured to drive
an output shaft 62 to output mechanical power and a
stationary component (i.e., a stator) 64 that extends
around the rotor 60. The output shaft 62 is functionally
coupled to the output spindle 50 via the gear assembly
54.

[0017] The rear endbell 58 is positioned in the interior
space 22 to be near the back cap 18 and the front endbell
56 is positioned such that it is enclosed in the interior
space 22 of the tool housing 12 and the interior space
52 of the hammer case 14 (as best seen in FIG. 7). The
rotor 60 and the stator 64 of the motor 38 are positioned
between the two endbells 56, 58. The front endbell 56
and the rear endbell 58 cooperate to align the rotor 60
and the stator 64 so that the rotor 60 and the stator 64
extend parallel to a central axis 66 of the motor 38.
[0018] The illustrative gear assembly 54 may be em-
bodied as, or include, a planetary gear set that is config-
ured to transfer rotation of the output shaft 62 of the motor
38 to an impact mechanism of the tool 10 housed in the
hammer case 14. The gear assembly 54 includes a ring
gear 68 positioned in the interior space 52 of the hammer
case 14. The ring gear 68 surrounds the output shaft 62
and abuts the front endbell 56. The ring gear 68 is formed
as an annular ring with an inner surface 70 that includes
a plurality of gear teeth 72 and an outer surface 74 con-
figured to abut an inner surface 76 of the hammer case
14.

[0019] Referring now to FIGS. 5-8, piloting features 90
are integrated into the hammer case 14, the front endbell
56, and the ring gear 68. The piloting features 90 are
configured to align the hammer case 14, the front endbell
56, and the ring gear 68 with one another. The piloting
features 90 are also configured to prevent rotation of the
ring gear 68 relative to the motor assembly 24 and the
hammer case 14.

[0020] In the illustrative embodiment, the piloting fea-
tures 90 include one or more grooves 92 formed in the
inner surface 76 of the hammer case 14, one or more
corresponding ridges 94 formed on the outer surface 74
ofthe ring gear 68, and one or more corresponding ridges
96 formed on an outer surface 98 of the front endbell 56.
Each groove 92 is sized to receive both a corresponding
ridge 94 and a corresponding ridge 96. Each groove 92
extends axially along the inner surface 76 of the hammer
case 14 from the tool end 44. In the illustrative embodi-
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ment, the dimensions of each ridge 94 are approximately
the same as the dimensions of each corresponding ridge
96. Each ridge 94 is positioned along the outer surface
74 of the ring gear 68 and each ridge 96 is positioned
along the outer surface 98 of the front endbell 56. In the
illustrative embodiment, both sets of ridges 94, 96 are
spaced evenly around the outer surfaces of their respec-
tive structures, the ring gear 68 and the front endbell 56.
The hammer case 14 defines an inner diameter that is
sized to match an outer diameter of the ring gear 68 and
an outer diameter of the front endbell 56. Although tool
10 is illustratively shown as including four grooves 92,
four ridges 94, and four ridges 96, it will be appreciated
that the tool 10 may include any number of grooves 92,
corresponding ridges 94, and corresponding ridges 96
in other embodiments.

[0021] When assembling the tool 10, the user aligns
the ridges 94 with corresponding ridges 96, aligns the
grooves 92 of the hammer case 14 with the now aligned
ridges 94, 96, and advances the hammer case 14 axially
along the central axis 66 toward the tool housing 12 until
the tool end 44 of the hammer case 14 contacts the tool
housing 12. As the hammer case 14 is advanced along
the central axis 66, the grooves 92 first pass over the
ridges 94 and then pass over the ridges 96.

[0022] The piloting features 90 are configured to se-
cure the ring gear 68 relative to the front endbell 56 such
that the ring gear 68 cannot rotate relative to the motor
assembly 24. The grooves 92 of the hammer case 14
define a flange surface 100 that is configured to clamp
the ring gear 68 against the front endbell 56 when the
hammer case 14 is securely fastened to the tool housing
12.

[0023] In some prior art designs, the ring gear 68 is
coupled directly to the front endbell 56. In the illustrative
embodiment, the position of the ring gear 68 relative to
the frontendbell 56 is instead secured through the piloting
features 90 of the hammer case 14. For example, the
hammer case 14 is piloted by the front endbell 56, while
the hammer case 14 pilots the ring gear 68. Such an
embodiment reduces the number of parts of the tool 10
and may reduce the length of the tool 10 by removing
connectors between the ring gear 68 and the frontendbell
56.

[0024] As noted above, the piloting features 90 may
include any number of grooves 92 and ridges 94, 96. For
example, the illustrative piloting features 90 of FIGS. 7
and 8 include four grooves 92 spaced evenly around the
inner surface 76 (see Fig. 6) of the hammer case 14, four
corresponding ridges 94 spaced evenly around the outer
surface 74 (see Fig. 6) of the ring gear 68, and four cor-
responding ridges 96 spaced evenly around the outer
surface 98 of the front endbell 56. Each groove 92 is
configured to mate with both a ridge 94 and a ridge 96.
In another illustrative example, shown in FIG. 9, the pi-
loting features 102 include three grooves 104 formed in
the hammer case 14 with three corresponding ridges 106
formed in thering gear 68 and three corresponding ridges
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in the front endbell 56 (not shown). In another illustrative
example, shown in FIG. 10, the piloting features 108 in-
clude six grooves 110 formed in the hammer case 14
with six corresponding ridges 112 formed in the ring gear
68 and six corresponding ridges in the front endbell 56
(not shown).

[0025] While the piloting features 90, 102, 108 have
been illustrated and described herein as including
grooves 92, 104, 110 formed in the hammer case 14 and
ridges 94, 96, 106, 112 formed on the ring gear 68 and
front endbell 56, it is contemplated that the piloting fea-
tures 90, 102, 108 may take other forms in other embod-
iments of the power tool 10. By way of illustrative exam-
ple, the piloting features mightalternatively include ridges
formed on the hammer case 14 and corresponding
grooves formed in the ring gear 68 and front endbell 56.
[0026] Referring to FIG. 11, another embodiment of
alignment features 200 for a ring gear 268 of the power
tool 10 is shown. In this illustrative embodiment, a front
endbell 256 is configured to surround the ring gear 268,
and thereby align and secure the ring gear 268 in relation
to the motor assembly 24 of the power tool 10. Addition-
ally, ahammer case 214 is configured to operatively cou-
ple to the tool housing 12, the front endbell 256, and the
ring gear 268. The front endbell 256 includes an annular
flange 202 formed in a front end 204 of the front endbell
256. The annular flange 202 includes an inner surface
206 that is configured to from a cavity 208 that is sized
to receive a portion of the ring gear 268. The inner surface
206 operatively couples to an outer surface 210 of the
ring gear 268 when the ring gear 268 is assembled in the
power tool 10. The front endbell 256 is configured to se-
cure the ring gear 268 and prevent the ring gear 268 from
rotating during normal operation of the power tool 10.
[0027] In this embodiment of the alignment features
200, the hammer case 214 is configured to be secured
to an outer surface 210 of the tool housing 12. The ham-
mer case 214 includes a housing flange 212 and a gear
assembly surface 216 formed in a motor end 218 of the
hammer case 214. The housing flange 212 is configured
to operatively couple to the outer surface 210 of the tool
housing 12, and thereby secure the hammer case 214
to the tool housing 12. The gear assembly surface 216
is configured to abut the annular flange 202 of the front
endbell 256 and the ring gear 268 of the gear assembly
54 (see, also, Fig. 5). By so doing, the hammer case 214
cooperates with the front endbell 256 to secure the ring
gear 268 to the power tool 10.

[0028] Referring to FIG. 12, another embodiment of
alignment features 300 for a ring gear 368 of a power
tool 10 is shown. The ring gear alignment features 300
are configured to align the ring gear 368 with the motor
assembly 24 (see Fig. 11) and allow the power tool 10
to function properly. In this embodiment of the alignment
features 300, the ring gear 368 is insert molded to a front
endbell 356 of the motor assembly 24.

[0029] Also shown in FIG. 12, a hammer case 314 is
operatively coupled to the ring gear 368, the front endbell
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356, and the tool housing 12 and is configured to seal
the interior space 22 of the power tool 10. Inthe illustrative
embodiment, the hammer case 314 includes a nose
piece 302 attached to it. The hammer case 314 includes
atapered section 304 and a flange 306 formed in the tool
end 44 of the hammer case 314. The tapered section
304 of the hammer case 314 is configured to operatively
couple to an inner surface 310 of the tool housing 12.
The flange 306 is configured to operatively couple to the
outer surfaces 322, 328 of the ring gear 368.

[0030] AsshowninFIG. 13,thering gear 368 is formed
as an annularring thatincludes an inner ring surface 318
having a plurality of teeth 320 formed therein and an outer
surface 322 having one or more fastener guide bores
324 formed therein. The ring gear 368 extends between
a motor end 326 and another opposite end. A lip 330 is
formed in the motor end 326 of the ring gear 368 causing
the motor end 326 to define a motor end opening 332
having a smaller diameter than an opposite end opening
334 defined in the opposite end of the ring gear 368. The
lip 330 is configured to cooperate with the front endbell
356 to secure the ring gear 368 to the motor assembly
24 (see, also, Figs. 11 and 12). In the illustrative embod-
iment, the ring gear 368 is secured to the motor assembly
24 by insert molding the ring gear 368 directly into the
front endbell 356.

[0031] As shown in FIG. 14, one or more grooves 336
are formed in the motor end 326 of the ring gear 368 and
are configured to secure ring gear 368 to the front endbell
356. During the insert molding process, hot plastic enters
into the grooves 336. After the plastic cools, the grooves
336 cooperate with the plastic of the front endbell 356 to
secure the ring gear 368 to the front endbell 356 such
that the ring gear 368 cannot rotate relative to the front
endbell 356. It is contemplated that, in other embodi-
ments, the grooves 336 may be replaced by other raised
or recessed features that cooperate with the front endbell
356 to secure the ring gear 368 against rotation relative
to the front endbell 356.

[0032] As shown in FIG. 15, the front endbell 356 in-
cludes an outer body 338 sized to receive the ring gear
368. The outer body 338 is configured to operatively cou-
ple to the outer surface 322 of the ring gear 368 (see
Figs. 13 and 14). One or more fastener guide bores 340
are formed in the outer body 338. When assembled, the
fastener guide bores 340 of the front endbell 356 are
configured to align with the corresponding fastener guide
bores 324 formed in the ring gear 368. The fastener guide
bores 324, 340 cooperate with fasteners (not shown) to
secure the motor assembly 24 and the gear assembly
54 in the tool housing 12. When the fastener guide bores
324, 340 are aligned, fasteners are able to pass through
the motor assembly 24 and be received by the hammer
case 314.

[0033] The front endbell 356 also includes an inner
body 342 configured to interact with the lip 330 of the ring
gear 368 and secure the ring gear 368 to the front endbell
356. During the insert molding process, the plastic of the
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front endbell 356 forms around the lip 330 thereby joining
the ring gear 368 to the frontendbell 356. In the illustrative
embodiment, the insert molding process is accomplished
by injecting thermoplastic into a mold in which the ring
gear 368 has been placed. The thermoplastic eventually
hardens and thereby forms the front endbell 356.
[0034] AsbestseeninFIGS. 12-15, the inner body 342
of the front endbell 356 is also configured to pilot a cam-
shaft 372 of the impact mechanism 370 of the tool 10.
As shown in FIG. 12, the camshaft 372 is integrally
formed to include a planetary gear holder at a distal end
374 of the camshaft 372. The inner body 342 of the front
endbell 356 is formed to include a recessed annular sur-
face 344 that engages the distal end 374 of the camshaft
372 when the tool 10 is assembled. The inner body 342
of the front endbell 356 is also formed to include a wall
346 thatextends away from the recessed annular surface
344 (the wall 346 also forming a part of the inner body
342 that engages and retains the lip 300 of the ring gear
368, as described above). As best seen in FIG. 12, when
the tool 10 is assembled, an inner diameter of the wall
346 surrounds a portion of an outer diameter of the distal
end 374 of the camshaft 372 such that the front endbell
356 pilots the camshaft 372. This configuration elimi-
nates the need for a separate bearing and/or additional
components to support the distal end 374 of the camshaft
372, thereby reducing the complexity and overall length
of the tool 10.

[0035] Additional statements of invention are set out
below.

Statement1. A hand-held power tool comprising:

a housing supporting a motive source;

wherein the housing includes a front endbell;
an output shaft protruding from an output end at
the front endbell of the housing;

wherein the output shaft is functionally coupled
to the motive source such that the output shaft
rotates in response to activation of the motive
source when the motive source is supplied with
power;

a front housing defining an interior space;
wherein the output shaft is located in the interior
space of the front housing;

agear set assembly located in the interior space
of the front housing;

wherein the gear set assembly is configured to
transfer rotation from the motive source to an
output spindle;

wherein the gear set assembly includes a ring
gear characterized by an annular ring body hav-
ing a plurality of teeth located on the interior pe-
riphery of the annular ring body and a surface
located on an exterior periphery of the annular
ring body opposite the interior periphery;
wherein the ring gear surrounds a portion of the
output shaft and abuts the front endbell of the
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housing;

wherein the surface of the exterior periphery of
the ring gear abuts an interior surface of the front
housing;

a first set of piloting features located on the in-
terior surface of the front housing and on the
surface of the exterior periphery of the ring gear;
wherein the first set of piloting features is con-
figured to prevent movement of the ring gear
relative to the motive source and the front hous-
ing; and

a second set of piloting features located on the
front housing and on the endbell of the housing;
wherein the second set of piloting features is
configured to prevent the front housing from
moving relative to the housing.

Statement 2. The hand-held power tool of Statement
1, wherein the front housing is a hammer case.
Statement 3. The hand-held power tool of Statement
2, wherein the impact mechanism is supported in the
hammer case.

Statement 4. The hand-held power tool of Statement
1, wherein the front housing is attached to the hous-
ing with fasteners.

Statement 5. The hand-held power tool of Statement
1, wherein the gear set assembly includes a plane-
tary gear set.

Statement 6. The hand-held power tool of Statement
1, wherein the first set of piloting features further
comprise one or more grooves formed in the interior
surface of the front housing, and one or more corre-
sponding ridges formed on the surface of the exterior
periphery of the annular ring body of the ring gear,
wherein the one or more grooves are configured to
receive the one or more corresponding ridges to pre-
vent movement between the front housing and the
ring gear.

Statement 7. The hand-held power tool of Statement
1, wherein the first set of piloting features further
comprise one or more grooves formed in the surface
of the exterior periphery of the annular ring body of
the ring gear, and one or more corresponding ridges
formed on the interior surface of the front housing,
wherein the one or more grooves are configured to
receive the one or more corresponding ridges to pre-
vent movement between the front housing and the
ring gear.

Statement 8. The hand-held power tool of Statement
6, wherein the second set of piloting features further
comprise one or more corresponding ridges formed
on an outer surface of the front endbell of the hous-
ing, wherein each of the one or more grooves of the
front housing is sized to receive both a correspond-
ing ridge formed on the surface of the exterior pe-
riphery of the annular ring body of the ring gear and
the one or more corresponding ridges formed on an
outer surface of the front endbell, wherein each of
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the one or more grooves extends axially along the
interior surface of the front housing.

Statement 9. The hand-held power tool of Statement
8, wherein dimensions of each of the one or more
ridges formed on the surface of the exterior periphery
of the annular ring body of the ring gear are substan-
tially similar to dimensions of each of the one or more
corresponding ridges formed on the outer surface of
the front endbell.

Statement 10. The hand-held power tool of State-
ment 1, wherein the interior surface of the front hous-
ing defines an inner diameter of the outer periphery
oftheringbody of the ring gear and an outer diameter
of the front endbell.

Statement 11. The hand-held power tool of State-
ment 9, wherein the one or more grooves of the front
housing align with the one or more ridges formed on
the surface of the exterior periphery of the annular
ring body of the ring gear and the one or more cor-
responding ridges formed on the outer surface to
advance the front housing axially along a central axis
toward the housing to engage and secure to the
housing.

Statement 12. The hand-held power tool of State-
ment 11, wherein the one or more grooves of the
front housing include a flange surface configured to
clamp the ring gear against the front endbell when
the front housing is secured to the housing 12.
Statement 13. The hand-held power tool of State-
ment 1, wherein the first set of piloting features fur-
ther comprise one or more ridges formed on the front
housing and one or more corresponding grooves
formed on the surface of the outer periphery of the
ring gear and the one or more corresponding
grooves formed on the front endbell.

Statement 14. The hand-held power tool of State-
ment 13, wherein the front endbell is configured to
surround at least a portion of the ring gear to align
and secure the ring gear in relation to the motive
source, wherein the front housing is configured to
operatively couple the housing 12, the front endbell,
and the ring gear together.

Statement 15. The hand-held power tool of State-
ment 14, wherein the front endbell includes an an-
nular flange formed in a front end of the front endbell,
wherein the annular flange includes an inner surface
configured to from a cavity sized to receive a portion
of the ring gear.

Statement 16. The hand-held power tool of State-
ment 15, wherein the inner surface of the annular
flange of the endbell operatively couples to an outer
surface of the ring gear when the ring gear to prevent
the ring gear from rotating during normal operation.
Statement 17. The hand-held power tool of State-
ment 16, wherein the front housing is configured to
be secured to the outer surface of the housing,
wherein the front housing includes a housing flange
and a gear assembly surface, wherein the housing
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flange is configured to operatively couple to the outer
surface of the housing to secure the front housing to
tool housing, and wherein the gear assembly surface
is configured to abut the annular flange of the front
endbell and the ring gear so the front housing coop-
erates with the front endbell to hold the ring gear.
Statement 18. The hand-held power tool of State-
ment 1, wherein the first set of piloting features in-
cludes the ring gear insert molded to the front end-
bell, wherein the front housing is operatively coupled
to the ring gear, the front endbell, and wherein the
front housing includes a nose piece located adjacent
the output spindle.

Statement 19. A hand-held power tool comprising:

a housing supporting a motive source;

wherein the housing includes a front endbell;
an output shaft protruding from an output end at
the front endbell of the housing;

wherein the output shaft is functionally coupled
to the motive source such that the output shaft
rotates in response to activation of the motive
source when the motive source is supplied with
power;

a front housing defining an interior space;
wherein the output shaft is located in the interior
space of the front housing; and

a gear setassembly located in the interior space
of the front housing;

wherein the gear set assembly is configured to
transfer rotation from the motive source to an
output spindle;

wherein the gear set assembly includes a ring
gear characterized by an annular ring body hav-
ing a plurality of teeth located on the interior pe-
riphery of the annular ring body and a surface
located on an exterior periphery of the annular
ring body opposite the interior periphery;
wherein the ring gear surrounds a portion of the
output shaft and abuts the front endbell of the
housing; and

wherein the front housing and ring gear include
one or more piloting features, each of the one
or more piloting features being configured to
mate the front housing with the ring gear.

Statement 20. A hand-held power tool comprising:

a housing supporting a motive source;

wherein the housing includes a front endbell;
an output shaft protruding from an output end at
the front endbell of the housing;

wherein the output shaft is functionally coupled
to the motive source such that the output shaft
rotates in response to activation of the motive
source when the motive source is supplied with
power;

a front housing defining an interior space;
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wherein the output shaft is located in the interior
space of the front housing; and

agear set assembly located in the interior space
of the front housing;

wherein the gear set assembly is configured to
transfer rotation from the motive source to an
output spindle;

wherein the gear set assembly includes a ring
gear characterized by an annular ring body hav-
ing a plurality of teeth located on the interior pe-
riphery of the annular ring body and a surface
located on an exterior periphery of the annular
ring body opposite the interior periphery;
wherein the ring gear surrounds a portion of the
output shaft and abuts the front endbell of the
housing; and

wherein the ring gear is insert molded into the
front endbell of the housing such that ring gear
is restrained against both axial and rotational
movement relative to the front endbell.

[0036] While certain illustrative embodiments have
been described in detail in the figures and the foregoing
description, such an illustration and description is to be
considered as exemplary and not restrictive in character,
it being understood that only illustrative embodiments
have been shown and described and that all changes
and modifications that come within the spirit of the dis-
closure are desired to be protected. There are a plurality
of advantages of the present disclosure arising from the
various features of the apparatus, systems, and methods
described herein. It will be noted that alternative embod-
iments of the apparatus, systems, and methods of the
present disclosure may not include all of the features
described yet still benefit from at least some of the ad-
vantages of such features. Those of ordinary skill in the
art may readily devise their own implementations of the
apparatus, systems, and methods that incorporate one
or more of the features of the present disclosure.

Claims
1. A hand-held power tool comprising:

a housing supporting a motive source;

wherein the housing includes a front endbell;
an output shaft protruding from an output end at
the front endbell of the housing;

wherein the output shaft is coupled to the motive
source such that the output shaft rotates in re-
sponse to activation of the motive source when
the motive source is supplied with power;

a front housing defining an interior space;
wherein the output shaft is located in the interior
space of the front housing; and

agear set assembly located in the interior space
of the front housing;
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wherein the gear set assembly is configured to
transfer rotation from the output shaft to an out-
put spindle;

wherein the gear set assembly includes a ring
gear characterized by an annular ring body
having a plurality of teeth located on an interior
periphery of the annular ring body and a surface
located on an exterior periphery of the annular
ring body opposite the interior periphery;
wherein the ring gear surrounds a portion of the
output shaft and abuts the front endbell of the
housing; and

wherein the ring gear and the front endbell of
the housing are insert molded together such that
ring gear is restrained against both axial and ro-
tational movement relative to the front endbell.

The hand-held power tool of claim 1, wherein the
front housing is coupled to the ring gear and the front
endbell; and

wherein the front housing includes a nose piece lo-
cated adjacent the output spindle.

The hand-held power tool of any preceding claim,
wherein the front housing includes a tapered section
coupled to an inner surface of the housing.

The hand-held power tool of any preceding claim,
wherein the front housing includes a flange coupled
to the surface located on the exterior periphery of
the annular ring body opposite the interior periphery
thereof.

The hand-held power tool of any preceding claim,
wherein the ring gear includes a lip formed at a first
end of the ring gear;

wherein the first end of the ring gear is coupled to
the front endbell; and

wherein the lip defines a first opening of the ring gear
having a first diameter.

The hand-held power tool of claim 5, wherein the
ring gear includes a second opening defined at a
second end of the ring gear opposite the first end of
the ring gear; and

wherein the second opening includes a second di-
ameter that is greater than the first diameter.

The hand-held power tool of any of claims 5 and 6,
wherein the frontendbell includes an annular surface
and a wall extending away from the annular surface;
and

wherein the wall of the front endbell contacts the lip
of the ring gear to restrain the ring gear against axial
movement.

The hand-held power tool of claim 7, further com-
prising: a cam shaft that is coupled to the ring gear
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and the output spindle; and

wherein the wall of the front endbell surrounds a por-
tion of the camshaft such that the front endbell pilots
the camshaft.

The hand-held power tool of any preceding claim,
wherein the front endbell includes a first guide bore,
and the ring gear includes a second guide bore; and
wherein the ring gear assembly is configured to be
secured relative to the housing when the first guide
bore is aligned with the second guide bore.

The hand-held power tool of any preceding claim,
wherein the second guide bore is formed in the sur-
face located on the exterior periphery of the annular
ring body.

The hand-held power tool of claim 1, wherein the
ring gear includes a first end coupled to the front
endbell;

wherein the first end of the ring gear includes a first
securement feature selected from the group consist-
ing of: at least one raised structure and at least one
recessed structure;

wherein the front endbell includes a second secure-
ment feature that is the other of: at least one raised
structure and at least one recessed structure; and
wherein the second securement feature contacts the
first securement feature to restrain the ring gear
against axial movement.

A method of manufacturing the hand-held power tool
of any preceding claim, comprising:

providing a melted thermoplastic material to a
mold in which the ring gear is positioned to form
the front endbell;

coupling the housing to the front housing; and
coupling the front housing to the ring gear.

The method of claim 12, further comprising:
arranging a portion of the melted thermoplastic ma-
terial adjacent a lip formed at a first end of the ring
gear to join the front endbell to the ring gear.

The method of any of claims 12 and 13, further com-
prising:

arranging a portion of the melted thermoplastic
material to be in contact with a securement fea-
ture of the ring gear;

wherein the securement feature is selected from
the group consisting of: at least one raised struc-
ture and at least one recessed structure.

The method claim 14, wherein the securement fea-
tureis defined at afirst end of the ring gear positioned
adjacent the motive source.
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