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PLANETARY UNIT HAVING PLANET CARRIER WITH PINS FIXEDLY AND
NON-ROTATABLY MOUNTED TO CARRIER BODY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent
Application No. 62/287071 filed January 26, 2016, the disclosure of which is
incorporated by reference as if fully set forth in detail herein.

FIELD
[0002] The present disclosure relates to planetary transmissions, such
as a planetary differential. The planetary transmission has a planet carrier
with pins that are fixedly and non-rotatably mounted to a carrier body.

SUMMARY

[0003] This section provides a general summary of the disclosure, and
is not a comprehensive disclosure of its full scope or all of its features.

[0004] In one form, the present teachings provide a planetary
transmission having a planet carrier with a carrier body and a plurality of
carrier pins. The carrier body includes a pair of carrier plates, each of which
having pin bosses that extend outwardly from a remaining portion of the
carrier plate. The pin bosses on at least one of the carrier plates define an
exterior surface with at least one step so that portions of the exterior surface
of the pin bosses are spaced apart in an axial direction. The carrier pins have
an axial ends with recesses formed therein such that each axial end of each
carrier pin terminates in a thin wall section. The carrier pins are received
through the carrier plates and the thin wall sections are deformed against the
exterior surfaces of the pin bosses to retain the carrier pins to the carrier
body. Portions of the thin wall sections that are deformed against the axially
spaced apart portions of the exterior surfaces of the pin bosses interlock with
the axially spaced apart portions and cooperate to inhibit rotation of the carrier
pins relative to the carrier body.

[0005] In another form, the present teachings provide a planetary unit
that includes a planet carrier and a plurality of planet gears. The planet
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carrier has a carrier body and a plurality of carrier pins. The carrier body has
a pair of carrier plates, each of which having a plate portion and a plurality of
pin bosses that are raised above the plate portion. Each of the pin bosses
defines a pin bore. Each of the carrier pins are received in a corresponding
one of the pin bores in each of the carrier plates. Each of the carrier pins has
a first head, which abuts a corresponding one of the pin bosses on a first one
of the carrier plates, and a second head that abuts a corresponding one of the
pin bosses on a second one of the carrier plates. At least one of the first and
second heads has an axial step that engages an associated axial step on a
corresponding one of the pin bosses. Engagement of the axial step with the
associated axial step inhibits rotation of the carrier pin relative to the carrier
body. Each of the planet gears is rotatably received on a corresponding one
of the carrier pins.

[0006] According to a further embodiment of the invention, each of the
carrier plates includes a plurality of connector sections. The connector
sections of the first one of the carrier plates abut and are fixedly coupled to
the connector sections of the other one of the carrier plates. Optionally, the
connector sections of the carrier plates can be riveted together.

[0007] According to a further embodiment of the invention, each of the
carrier plates defines a hub portion that projects outwardly from the plate
portion.

[0008] According to a further embodiment of the invention, the
planetary unit further includes a sun gear that is meshingly engaged with at
least a portion of the planet gears. Optionally, the planet gears can include
first planetary gears, which are meshingly engaged to an internal gear, and
second planetary gears that are meshingly engaged to the sun gear and a
corresponding one of the first planetary gears.

[0009] According to a further embodiment of the invention, a recess is
formed into the at least one of the first and second heads.

[0010] According to a further embodiment of the invention, the
planetary unit further includes an internal gear, a sun gear and first and
second output shafts. The internal gear is meshingly engaged with at least a
first portion of the planet gears. The sun gear is meshingly engaged with at
least a second portion of the planet gears. The first output shaft is coupled to
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the carrier body for rotation therewith. The second output shaft is coupled to
the sun gear for rotation therewith. Optionally, the planetary unit can further
include a housing assembly, an input pinion, and a ring gear. The input pinion
is received in the housing assembly and is rotatable about a first axis. The
ring gear is fixedly coupled to the internal gear and is rotatable about a
second axis that is not parallel to the first axis. Also optionally, at least one of
the input pinion and the ring gear is supported for rotation and axial thrust
relative to the housing assembly via a four-point angular contact bearing
[0011] In another form, the present teachings provide a method for
forming a planetary unit. The method includes: providing a pair of carrier
plates; providing a plurality of carrier pins; mounting a planet gear onto each
of the carrier pins; installing the carrier pins to the carrier plates such that
each of the planet gears is disposed between the carrier plates; and
deforming at least a portion of each of the carrier pins to form an axial step
that engages a corresponding axial step on an associated pin bosses (88)
formed on an associated one of the carrier plates to inhibit rotation between
the carrier pins and the carrier plates.

[0012] In still another form, the present teachings provide a planetary
unit that includes a planet carrier and a plurality of planet gears. The planet
carrier has a carrier body and a plurality of carrier pins. The carrier body has
a first carrier plate and a second carrier plate. At least one of the first and
second carrier plates has a plate portion and a plurality of pin bosses that are
raised above the plate portion. Each of the carrier pins is received in a pin
bore in each of the first and second carrier plates. Each of the carrier pins
has a first head and a second head. The first head abuts the first carrier plate
while the second head abuts the second carrier plate. At least one of the first
and second heads has an axial step that engages an associated axial step on
a corresponding one of the pin bosses. Engagement of the axial step with the
associated axial step inhibits rotation of the carrier pin relative to the carrier
body. Each of the planet gears is rotatably received on a corresponding one
of the carrier pins.

[0013] In another form, the present teachings provide a planetary unit
that includes a planet carrier and a plurality of planet gears. The planet
carrier has a carrier body and a plurality of carrier pins. The carrier body has
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a pair of carrier plates, each of which having a plate portion and a plurality of
pin bosses that are raised above the plate portion. Each of the pin bosses
defines a pin bore. Each of the carrier pins are received in a corresponding
one of the pin bores in each of the carrier plates. Each of the carrier pins has
a first head, which abuts a corresponding one of the pin bosses on a first one
of the carrier plates, and a second head that abuts a corresponding one of the
pin bosses on a second one of the carrier plates. At least one of the first and
second heads has an axial step that engages an associated axial step on a
corresponding one of the pin bosses. Engagement of the axial step with the
associated axial step inhibits rotation of the carrier pin relative to the carrier
body. Each of the planet gears is rotatably received on a corresponding one
of the carrier pins.

[0014] According to a further embodiment of the invention, each of the
carrier plates includes a plurality of connector sections. The connector
sections of the first one of the carrier plates abut and are fixedly coupled to
the connector sections of the other one of the carrier plates. Optionally, the
connector sections of the carrier plates can be riveted together.

[0015] According to a further embodiment of the invention, each of the
carrier plates defines a hub portion that projects outwardly from the plate
portion.

[0016] According to a further embodiment of the invention, the
planetary unit further includes a sun gear that is meshingly engaged with at
least a portion of the planet gears. Optionally, the planet gears can include
first planetary gears, which are meshingly engaged to an internal gear, and
second planetary gears that are meshingly engaged to the sun gear and a
corresponding one of the first planetary gears. Also optionally, at least one of
the input pinion and the ring gear is supported for rotation and axial thrust
relative to the housing assembly via a four-point angular contact bearing
[0017] According to a further embodiment of the invention, a recess is
formed into the at least one of the first and second heads.

[0018] According to a further embodiment of the invention, the
planetary unit further includes an internal gear, a sun gear and first and
second output shafts. The internal gear is meshingly engaged with at least a
first portion of the planet gears. The sun gear is meshingly engaged with at
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least a second portion of the planet gears. The first output shaft is coupled to
the carrier body for rotation therewith. The second output shaft is coupled to
the sun gear for rotation therewith. Optionally, the planetary unit can further
include a housing assembly, an input pinion, and a ring gear. The input pinion
is received in the housing assembly and is rotatable about a first axis. The
ring gear is fixedly coupled to the internal gear and is rotatable about a
second axis that is not parallel to the first axis.

[0019] Further areas of applicability will become apparent from the
description provided herein. The description and specific examples in this
summary are intended for purposes of illustration only and are not intended to

limit the scope of the present disclosure.

DRAWINGS
[0020] The drawings described herein are for illustrative purposes only
of selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.
[0021] Figure 1 is a sectional view of an exemplary power transmitting
device having a planetary transmission, in the form of a planetary differential,
having a planet carrier that is constructed in accordance with the teachings of
the present disclosure;
[0022] Figure 2 is a perspective view of a portion of the power
transmitting device of Figure 1, illustrating a portion of the planetary
transmission in more detail;
[0023] Figure 3 is a perspective view of a portion of the power
transmitting device of Figure 1, illustrating a portion of a planet carrier
including a second carrier plate;
[0024] Figure 4 is a perspective view of a portion of the power
transmitting device of Figure 1, illustrating a portion of the planet carrier
including a first carrier plate; and
[0025] Figure 5 is an elevation view of a portion of the planet carrier
that is shown in Figure 2.
[0026] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.
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DETAILED DESCRIPTION
[0027] With reference to Figure 1 of the drawings, an exemplary power
transmitting device is generally indicated by reference numeral 10 and is
shown to include a planetary differential assembly 12 having a planet carrier
14 that is constructed in accordance with the teachings of the present
disclosure. The power transmitting device 10 is depicted as being a front axle
assembly suitable for a driveline having four-wheel drive capabilities, but it will
be appreciated that the teachings of the present disclosure have application to
various other types of drivelines and power transmitting devices, as well as in
general to planetary transmissions.
[0028] The power transmitting device 10 can further include a housing
assembly 20, an input pinion 22, a ring gear 24, and first and second output
shaft 26 and 28, respectively. The housing assembly 20 can be configured to
house the input pinion 22, the ring gear 24, and the planetary differential
assembly 12.
[0029] The input pinion 22 can be supported for rotation about a first
axis 30 by a first bearing 32 that is configured to transmit axial loads between
the input pinion 22 and the housing assembly 20 in two (i.e., opposite)
directions along the first axis 30. Accordingly, it will be appreciated that axial
loads transmitted through the input pinion 22 are handled at least substantially
(if not completely) by the first bearing 32. In the example provided, the first
bearing 32 comprises an inner bearing race 34, which is integrally formed with
the input pinion 22, an outer bearing race 36, which is assembled to the
housing assembly 20, and a plurality of bearing balls 38 that are received
between the inner and outer bearing races 34 and 36. The outer bearing race
36 is shown to be comprised of two discrete race members, but it will be
appreciated that the outer bearing race 36 could be formed as a single piece.
Moreover, while the first bearing 32 has been illustrated and described as
being a four-point angular contact bearing, it will be appreciated that other
types of bearings, including a tapered roller bearing, could be employed in the
alternative.
[0030] The ring gear 24 can be meshingly engaged to a pinion gear 40
on the input pinion 22 and can be supported for rotation about a second axis
42 by a second bearing 44 that is configured to transmit axial loads between
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the ring gear 24 and the housing assembly 20 in two (i.e., opposite) directions
along the second axis 42. Accordingly, it will be appreciated that the axial
loads transmitted through the ring gear 24 are handled at least partly by the
second bearing 44. In the example provided, the second bearing comprises
an inner bearing race 46, which is assembled to the housing assembly 20,
and an outer bearing race 48, which is integrally formed with the ring gear 24,
and a plurality of bearing balls 50 that are received between the inner and
outer bearing races 46 and 48. The inner bearing race 46 is shown to be
comprised of two discrete race members, but it will be appreciated that the
inner bearing race 46 could be formed as a single piece. Moreover, while the
second bearing 44 has been illustrated and described as being a four-point
angular contact bearing, it will be appreciated that other types of bearings,
including a tapered roller bearing, could be employed in the alternative.

[0031] A third bearing 54 can be employed to provide additional
stability to the input pinion 22. In the example provided, the third bearing 54 is
disposed on an axial end of the input pinion 22 so that the pinion gear 40 of
the input pinion 22 is disposed along the first axis at a location that is between
the first and third bearings 32 and 54. While the third bearing 54 is illustrated
as being a type of bearing that supports only radial loads (e.g., a roller
bearing), it will be appreciated that a ball bearing, which could be configured
to handle some loads directed axially along the first axis 30, could be
employed in the alternative.

[0032] A fourth bearing (not shown) could be employed to provide
additional stability to the ring gear 24. The fourth bearing could comprise a
thrust bearing that can be disposed between the ring gear 24 and the housing
assembly 20 at a location that is radially outward of the second bearing 44,
such as a location that supports the teeth of the ring gear 24 to thereby resist
deflection of the ring gear 24.

[0033] The planetary differential assembly 12 can comprise an internal
gear 60, the planet carrier 14, a set of planet gears 62, and a sun gear 64.
The internal gear 60 can be formed as an internally toothed, hollow sleeve
and can be fixedly coupled to the ring gear 24 in any desired manner, such as
welding.
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[0034] With reference to Figure 2, the planet carrier 14 can comprise a
carrier body 70 and a plurality of carrier pins 72. The carrier body 70 can
comprise first and second carrier plates 74 and 76, respectively, and a means
for securing the first and second carrier plates 74 and 76 together. Except as
noted herein, the first and second carrier plates 74 and 76 can be generally
similarly formed and as such, the description of one will suffice for the other.
[0035] The first carrier plate 74 can be formed in any desired manner,
such as in respective progressive dies (not shown) from a sheet or plate-like
material, or consolidated in a die (not shown) from a powdered metal material.
The first carrier plate 74 can define a hub portion 80, a plate portion or radial
flange 82 and a plurality of connector sections 84. The hub portion 80 can be
a generally hollow, cylindrically shaped protrusion or extrusion that can extend
from a first axial side of the radial flange 82. The radial flange 82 can extend
radially outwardly of the hub portion 80 and can define a plurality of annular
pin bosses 88 that can extend outwardly from the first axial side of the radial
flange 82. Fillet radii can be employed at the intersection of each annular pin
boss 88 and the radial flange 82, and well as at the intersection of the hub
portion 80 and the radial flange 82. Each connector section 84 can be
configured to cooperate with the fastening means to secure the first and
second carrier plates 74 and 76 together. In the example provided, the
fastening means comprises a plurality of rivets 90, but it will be appreciated
that various other fastening means could be employed, including threaded
fasteners, interlocking features formed on the first and second carrier plates
74 and 76, and/or welds. The connector sections 84 can have a mounting
section that can be offset from the radial flange 82 in a direction away from
the first axial side of the radial flange 82 (i.e., protruding in a direction that is
opposite the direction in which the annular pin bosses 88 and the hub portion
80 extend from the radial flange 82), and can be configured to directly abut
the mouting section of the connector sections 84 that are formed on the
second carrier plate 76. The rivets 90 can be received through holes (not
specifically shown) formed in the connector sections 84 in the first and second
carrier plates 74 and 76 and can be deformed to exert a clamping force on the
connector sections 84 that retains the first and second carrier plates 74 and
76 together.
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[0036] Each of the carrier pins 72 can be received through pin bores
(not specifically shown) in an associated set of annular pin bosses 88 in the
first and second carrier plates 74 and 76. With additional reference to Figure
3, the opposite axial ends of each carrier pin 72 can define a recess 94 that
creates a relatively thin wall (e.g., tubular) segment 96. The thin wall
segments 96 can be sized in an axial direction so that they extend completely
through the carrier body 70 or are disposed wholly outside the carrier body
70.

[0037] With reference to Figures 1 and 2, the set of planet gears 62 can
be configured to transmit rotary loads between the internal gear 60 and the
sun gear 64. In the example provided, the set of planet gears 62 comprises a
plurality of planet gear pairs 100, with each planet gear pair 100 having a first
planet gear 102, which is meshingly engaged to the teeth of the internal gear
60, and a second planet gear 104 that is meshingly engaged to the teeth of
the first planet gear 102 and the teeth of the sun gear 64. Each of the first
and second planet gears 102 and 104 is journally supported on an associated
one of the carrier pins 72 for rotation thereon. The radial flange 82 and the
connector sections 84 can cooperate to form channel-like spokes 106 in each
of the first and second carrier plates 74 and 76 that can be employed to house
or partially house one or more of the individual planet gears that form the set
of planet gears 62. In the particular example provided, each channel-like
spoke defines one-half of a recess 94 into which an associated planet gear
pair 100 is received.

[0038] In Figure 1, the sun gear 64 can have a gear portion 110, which
can be received in the carrier body 70, and an output portion 112 that can be
received through the hub portion 80 in the first carrier plate 74. It will be
appreciated that the hub portion 80 can function as a bushing that can support
the output portion 112 of the sun gear 64 for rotation about the second axis
42,

[0039] With reference to Figures 3 and 4, one area in which the first
carrier plate 74 differs from the second carrier plate 76 concerns the portion of
the annular pin bosses 88 through which the axial ends of the carrier pins 72
extend. As shown in Figure 3, the outer axial surfaces 130 of the annular pin
bosses 88 on the second carrier plate 76 are shown to extend in a continuous
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and uniformly flat manner. As shown in Figure 4, however, while the outer
axial surfaces 132 of the annular pin bosses 88 on the first carrier plate 74 are
shown to comprise two annular segments 132a and 132b that are spaced
axially apart from one another. The stepped construction of the outer axial
surface 132 can be accomplished in a forming die, or, as via a cutting tool,
such as an end mill (not shown), that can be employed to create an annular
groove 140 (Fig. 5) that extends circumferentially about the first carrier plate
74 and intersects each of the annular pin bosses 88 on the first carrier plate
74.

[0040] After the assembly of the sun gear 64 (Fig. 1), the carrier pins
72 and the set of planet gears 62 to the carrier body 70, the thin wall
segments 96 that extend through (or are disposed outside) the first and
second carrier plates 74 and 76 can be peened over to form an annular head
on each axial end of the carrier pins 72. It will be appreciated that the annular
head 200 that is adjacent to the second carrier plate 76 can have an uniform,
annular configuration, whereas the annular head 202 that is adjacent to the
first carrier plate 74 can have a stepped configuration having two annular
head segments 202a and 202b that correspond to the two annular segments
132a and 132b that are formed on the outer axial surfaces 132 of the annular
pin bosses 88. It will also be appreciated that the annular heads 200, 202 on
the opposite axial ends of the carrier pins 72 cooperate to retain the carrier
pins 72 to the carrier body 70 in an axial direction, and that the mating
stepped configuration of the annular head segments 202a, 202b and annular
segments 132a, 132b, respectively, cooperate to resist rotation of the carrier
pins 72 relative to the carrier body 70.

[0041] Returning to Figure 1, the first output shaft 26 can be coupled to
the sun gear 64 for rotation therewith and the second output shaft 28 can be
coupled to the carrier body 70 for rotation therewith. In the example provided,
the output portion 112 of the sun gear 64 defines an internally splined
aperture into which a male splined segment on the first output shaft 26 is
meshingly engaged, while the second carrier plate 76 defines an internally
splined aperture into which a male splined segment on the second output
shaft 28 is meshingly engaged.

10
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[0042] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the disclosure. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also
be varied in many ways. Such variations are not to be regarded as a
departure from the disclosure, and all such modifications are intended to be

included within the scope of the disclosure.
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CLAIMS

What is claimed is:

1. A planetary unit comprising:

a planet carrier (14) having a carrier body (70) and a plurality of carrier
pins (72), the carrier body (14) having a pair of carrier plates (74, 76), each of
the carrier plates (74, 76) having a plate portion (82) and a plurality of pin
bosses (88) that are raised above the plate portion (82), each of the pin
bosses (88) defining a pin bore, each of the carrier pins (72) being received in
a corresponding one of the pin bores in each of the carrier plates (74, 76),
each of the carrier pins (72) having a first head (200) and a second head
(200), the first head (200) abutting a corresponding one of the pin bosses (88)
on a first one of the carrier plates (74, 76), the second head (200) abutting a
corresponding one of the pin bosses (88) on a second one of the carrier
plates (74, 76), wherein at least one of the first and second heads (200) has
an axial step (202b) that engages an associated axial step (132a) on a
corresponding one of the pin bosses (88), wherein engagement of the axial
step (202b) with the associated axial step (132a) inhibits rotation of the carrier
pin (88) relative to the carrier body (70); and

a plurality of planet gears (102, 104), each of the planet gears (102,
104) being rotatably received on a corresponding one of the carrier pins (72).

2. The planetary unit of Claim 1, wherein each of the carrier plates
(74, 76) comprises a plurality of connector sections (84), wherein the
connector sections (84) of the first one of the carrier plates (74, 76) abut and
are fixedly coupled to the connector sections (84) of the other one of the
carrier plates (74, 76).

3. The planetary unit of Claim 2, wherein the connector sections
(84) of the carrier plates (74, 76) are riveted together.

12
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4. The planetary unit of any of the preceding claims, wherein each
of the carrier plates (74, 76) defines a hub portion (80) that projects outwardly

from the plate portion (82pmzaLoBsk1]).

5. The planetary unit of any of the preceding claims, further
comprising a sun gear (110) that is meshingly engaged with at least a portion

of the planet gears (102, 104mzaL0BSK2)).

6. The planetary unit of Claim 5, wherein the planet gears (102,
104) comprise first planetary gears (102), which are meshingly engaged to an
internal gear (60), and second planetary gears (104) that are meshingly
engaged to the sun gear (110) and a corresponding one of the first planetary
gears (102).

7. The planetary unit of any of the preceding claims, wherein a
recess (94) is formed into the at least one of the first and second heads

(200MzALOBSK3)).

8. The planetary unit of Claim 1, further comprising:

an internal gear (60) meshingly engaged with at least a first portion of
the planet gears (102, 104);

a sun gear (110) meshingly engaged with at least a second portion of
the planet gears (102, 104);

a first output shaft (28) coupled to the carrier body (70) for rotation
therewith; and

a second output shaft (26) coupled to the sun gear (110) for rotation

therewith.

9. The planetary unit of Claim 8, further comprising:

a housing assembly (20);

an input pinion (22) received in the housing assembly (20) and
rotatable about a first axis (30); and

a ring gear (24) fixedly coupled to the internal gear (60) and rotatable
about a second axis (42) that is not parallel to the first axis (30).

13
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10.  The planetary unit of Claim 9, wherein at least one of the input
pinion (22) and the ring gear (24) is supported for rotation and axial thrust
relative to the housing assembly (20) via a four-point angular contact bearing
(32, 44).

11. A planetary unit comprising:

a planet carrier (14) having a carrier body (70) and a plurality of carrier
pins (72), the carrier body (14) having a first carrier plate (74) and a second
carrier plate (76), at least one of the first and second carrier plates (74, 76)
having a plate portion (82) and a plurality of pin bosses (88) that are raised
above the plate portion (82), each of the carrier pins (72) being received in a
pin bore in each of the first and second carrier plates (74, 76), each of the
carrier pins (72) having a first head (200) and a second head (200), the first
head (200) abutting the first carrier plate (74), the second head (200) abutting
the second carrier plate (76), wherein at least one of the first and second
heads (200) has an axial step (202b) that engages an associated axial step
(132a) on a corresponding one of the pin bosses (88), wherein engagement of
the axial step (202b) with the associated axial step (132a) inhibits rotation of
the carrier pin (88) relative to the carrier body (70); and

a plurality of planet gears (102, 104), each of the planet gears (102,
104) being rotatably received on a corresponding one of the carrier pins (72).

12.  The planetary unit of Claim 11, wherein each of the carrier
plates (74, 76) comprises a plurality of connector sections (84), wherein the
connector sections (84) of the first one of the carrier plates (74, 76) abut and
are fixedly coupled to the connector sections (84) of the other one of the

carrier plates (74, 76).

13.  The planetary unit of Claim 12, wherein the connector sections

(84) of the carrier plates (74, 76) are riveted together.

14
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14.  The planetary unit of Claim 11, wherein each of the carrier
plates (74, 76) defines a hub portion (80) that projects outwardly from the
plate portion (82).

15.  The planetary unit of Claim 11, further comprising a sun gear
(110) that is meshingly engaged with at least a portion of the planet gears
(102, 104).

16.  The planetary unit of Claim 15, wherein the planet gears (102,
104) comprise first planetary gears (102), which are meshingly engaged to an
internal gear (60), and second planetary gears (104) that are meshingly
engaged to the sun gear (110) and a corresponding one of the first planetary
gears (102).

17.  The planetary unit of Claim 11, wherein a recess (94) is formed

into the at least one of the first and second heads (200).

18.  The planetary unit of Claim 11, further comprising:

an internal gear (60) meshingly engaged with at least a first portion of
the planet gears (102, 104);

a sun gear (110) meshingly engaged with at least a second portion of
the planet gears (102, 104);

a first output shaft (28) coupled to the carrier body (70) for rotation
therewith; and

a second output shaft (26) coupled to the sun gear (110) for rotation

therewith.

19.  The planetary unit of Claim 18, further comprising:

a housing assembly (20);

an input pinion (22) received in the housing assembly (20) and
rotatable about a first axis (30); and

a ring gear (24) fixedly coupled to the internal gear (60) and rotatable
about a second axis (42) that is not parallel to the first axis (30).
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20.  The planetary unit of Claim 19, wherein at least one of the input
pinion (22) and the ring gear (24) is supported for rotation and axial thrust
relative to the housing assembly (20) via a four-point angular contact bearing
(32, 44).

21. A method for forming a planetary unit, the method comprising:

providing a pair of carrier plates (74, 76);

providing a plurality of carrier pins (72);

mounting a planet gear (102, 104) onto each of the carrier pins (72);

installing the carrier pins (72) to the carrier plates (74, 76) such that
each of the planet gears (102, 104) is disposed between the carrier plates
(74, 76); and

deforming at least a portion of each of the carrier pins (72) to form an
axial step (202b) that engages a corresponding axial step (132a) on an
associated pin bosses (88) formed on an associated one of the carrier plates
(74, 76) to inhibit rotation between the carrier pins (72) and the carrier plates
(74, 76).

16
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AMENDED CLAIMS
received by the International Bureau on 17 May 2017 (17.05.2017)

1. A planetary unit comprising:

a planet carrier (14) having a carrier body (70) and a plurality of carrier
pins (72), the carrier body (14) having a pair of carrier plates (74, 76), each of
the carrier plates (74, 76) having a plate portion (82) and a plurality of pin
bosses (88) that are raised above the plate portion (82), each of the pin
bosses (88) defining a pin bore, each of the carrier pins (72) being received in
a corresponding one of the pin bores in each of the carrier plates (74, 76),
each of the carrier pins (72) having a first head (200) and a second head
(200), the first head (200) abutting a corresponding one of the pin bosses (88)
on a first one of the carrier plates (74, 76), the second head (200) abutting a
corresponding one of the pin bosses (88) on a second one of the carrier
plates (74, 76), wherein at least one of the first and second heads (200) has
an axial step (202b) that engages an associated axial step (132a) on a
corresponding one of the pin bosses (88), wherein engagement of the axial
step (202b) with the associated axial step (132a) inhibits rotation of the carrier
pin (88) relative to the carrier body (70); and

a plurality of planet gears (102, 104), each of the planet gears (102,
104) being rotatably received on a corresponding one of the carrier pins (72).

2. The planetary unit of Claim 1, wherein each of the carrier plates
(74, 76) comprises a plurality of connector sections (84), wherein the
connector sections (84) of the first one of the carrier plates (74, 76) abut and
are fixedly coupled to the connector sections (84) of the other one of the
carrier plates (74, 76).

3. The planetary unit of Claim 2, wherein the connector sections
(84) of the carrier plates (74, 76) are riveted together.

4. The planetary unit of any of the preceding claims, wherein each
of the carrier plates (74, 76) defines a hub portion (80) that projects outwardly
from the plate portion (82).

17
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5. The planetary unit of Claim 1, 2, or 3, further comprising a sun
gear (110) that is meshingly engaged with at least a portion of the planet
gears (102, 104).

6. The planetary unit of Claim 5, wherein the planet gears (102,
104) comprise first planetary gears (102), which are meshingly engaged to an
internal gear (60), and second planetary gears (104) that are meshingly
engaged to the sun gear (110) and a corresponding one of the first planetary
gears (102).

7. The planetary unit of Claim 1, 2, or 3, wherein a recess (94) is
formed into the at least one of the first and second heads (200).

8. The planetary unit of Claim 1, further comprising:

an internal gear (60) meshingly engaged with at least a first portion of
the planet gears (102, 104);

a sun gear (110) meshingly engaged with at least a second portion of
the planet gears (102, 104);

a first output shaft (28) coupled to the carrier body (70) for rotation
therewith; and

a second output shaft (26) coupled to the sun gear (110) for rotation
therewith.

9. The planetary unit of Claim 8, further comprising:

a housing assembly (20);

an input pinion (22) received in the housing assembly (20) and
rotatable about a first axis (30); and

a ring gear (24) fixedly coupled to the internal gear (60) and rotatable

about a second axis (42) that is not parallel to the first axis (30).

18
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10.  The planetary unit of Claim 9, wherein at least one of the input
pinion (22) and the ring gear (24) is supported for rotation and axial thrust
relative to the housing assembly (20) via a four-point angular contact bearing
(32, 44).

11. A planetary unit comprising:

a planet carrier (14) having a carrier body (70) and a plurality of carrier
pins (72), the carrier body (14) having a first carrier plate (74) and a second
carrier plate (76), at least one of the first and second carrier plates (74, 76)
having a plate portion (82) and a plurality of pin bosses (88) that are raised
above the plate portion (82), each of the carrier pins (72) being received in a
pin bore in each of the first and second carrier plates (74, 76), each of the
carrier pins (72) having a first head (200) and a second head (200), the first
head (200) abutting the first carrier plate (74), the second head (200) abutting
the second carrier plate (76), wherein at least one of the first and second
heads (200) has an axial step (202b) that engages an associated axial step
(132a) on a corresponding one of the pin bosses (88), wherein engagement
of the axial step (202b) with the associated axial step (132a) inhibits rotation
of the carrier pin (88) relative to the carrier body (70); and

a plurality of planet gears (102, 104), each of the planet gears (102,

104) being rotatably received on a corresponding one of the carrier pins (72).

12.  The planetary unit of Claim 11, wherein each of the carrier
plates (74, 76) comprises a plurality of connector sections (84), wherein the
connector sections (84) of the first one of the carrier plates (74, 76) abut and
are fixedly coupled to the connector sections (84) of the other one of the
carrier plates (74, 76).

13.  The planetary unit of Claim 12, wherein the connector sections
(84) of the carrier plates (74, 76) are riveted together.
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14.  The planetary unit of Claim 11, wherein each of the carrier
plates (74, 76) defines a hub portion (80) that projects outwardly from the
plate portion (82).

15.  The planetary unit of Claim 11, further comprising a sun gear
(110) that is meshingly engaged with at least a portion of the planet gears
(102, 104).

16.  The planetary unit of Claim 15, wherein the planet gears (102,
104) comprise first planetary gears (102), which are meshingly engaged to an
internal gear (60), and second planetary gears (104) that are meshingly
engaged to the sun gear (110) and a corresponding one of the first planetary

gears (102).

17.  The planetary unit of Claim 11, wherein a recess (94) is formed
into the at least one of the first and second heads (200).

18.  The planetary unit of Claim 11, further comprising:

an internal gear (60) meshingly engaged with at least a first portion of
the planet gears (102, 104);

a sun gear (110) meshingly engaged with at least a second portion of
the planet gears (102, 104);

a first output shaft (28) coupled to the carrier body (70) for rotation
therewith; and

a second output shaft (26) coupled to the sun gear (110) for rotation

therewith.

19.  The planetary unit of Claim 18, further comprising:

a housing assembly (20);

an input pinion (22) received in the housing assembly (20) and
rotatable about a first axis (30); and

a ring gear (24) fixedly coupled to the internal gear (60) and rotatable

about a second axis (42) that is not parallel to the first axis (30).
20
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20.  The planetary unit of Claim 19, wherein at least one of the input
pinion (22) and the ring gear (24) is supported for rotation and axial thrust
relative to the housing assembly (20) via a four-point angular contact bearing
(32, 44).

21. A method for forming a planetary unit, the method comprising:

providing a pair of carrier plates (74, 76);

providing a plurality of carrier pins (72);

mounting a planet gear (102, 104) onto each of the carrier pins (72);

installing the carrier pins (72) to the carrier plates (74, 76) such that
each of the planet gears (102, 104) is disposed between the carrier plates
(74, 76); and

deforming at least a portion of each of the carrier pins (72) to form an
axial step (202b) that engages a corresponding axial step (132a) on an
associated pin bosses (88) formed on an associated one of the carrier plates
(74, 76) to inhibit rotation between the carrier pins (72) and the carrier plates
(74, 76).
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