wo 20187213032 A1 |00 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property 3

Organization
=

International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2018/213032 A1l

22 November 2018 (22.11.2018) WIPO I PCT
(51) International Patent Classification: (74) Agent: GUSHUE, Thomas P.; Volpe and Koenig, P.C.,
FI16H 48/10 (2006.01) F16H 55/08 (2006.01) United Plaza, Suite 1800, 30 S. 17th Street, Philadelphia,
FI16H 48/11 (2012.01) Pennsylvania 19103 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2018/031304 kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
07 May 2018 (07.05.2018) CA,CH,CL,CN,CO, CR,CU, CZ,DE, DJ, DK, DM, DO,
T DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
oo . KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ.
(30) Priority Data: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
15/596,400 16 May 2017 (16.05.2017) UsS SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: SCHAEFFLER TECHNOLOGIES AG &
CO0.KG [DE/DE]; Industriestraie 1-3, 91074 Herzogenau-  (84) Designated States (unless otherwise indicated, for every
rach (DE). kind of regional protection available). ARIPO (BW, GH,
. GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
(71) Applicant (for PH only.): SCHAEFFLER GROUP USA, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
INC. .[US/US]; 308 Springhill Farm Road, Fort Mill, South TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
Carolina 29715 (US). EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(72) Inventors: INCE, Marion Jack; 138 Greendale Drive, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
Mount Holly, North Carolina 28120 (US). ZHONG, Gui- TR), OAPI(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
hui; 4026 Raven Rock Court, Charlotte, North Carolina KM, ML, MR, NE, SN, TD, TG).
28270 (US).
(54) Title: COMPACT PLANETARY DIFFERENTIAL

(57) Abstract: A compact planetary differential is provided that includes a drive input
ring gear having external teeth and a planet gear carrier having first and second axial
sides connected rotationally fixed to the drive input ring gear. First planet gears are
located on the first axial side of the planet gear carrier, and second planet gears are
located on the second axial side, with the first and second planet gears being arranged
in intermeshing pairs, and the planet gear carrier including interface openings through
which the respective intermeshing pairs of planet gears contact one another. Pin plates
are located respectively on the first and second axial sides of the planet gear carrier,
with the pin plates including aligned openings at a position for each of the first planet
gears and each of the second planet gears. Pinion shatts extend through these aligned
openings in the pin plates and pinion shaft openings in the planet gear carrier. A single
one of the first or second planet gears is rotatably supported on each respective one of
the pinion shafts. The pinion shafts clamp the pin plates against the planet gear carrier.
A first sun gear is located on the first axial side of the planet gear carrier, and engages
with the first planet gears. A second sun gear is located on the second axial side of the
planet gear carrier, and engages with the second planet gears.

[Continued on next page]



WO 2018/213032 A1 || /0000 T 0

Published:
—  with international search report (Art. 21(3))



WO 2018/213032 PCT/US2018/031304

COMPACT PLANETARY DIFFERENTIAL

INCORPORATION BY REFERENCE
[0001] The following document is incorporated herein by reference as if
fully set forth: U.S. Nonprovisional Patent Application No. 15/596,400, filed
May 16, 2017.

FIELD OF THE INVENTION
[0002] The present invention is related to the field of drive trains for

motor vehicles, and in particular to differentials.

BACKGROUND

[0003] Motor vehicles typically include a drive train with a primary
drive, such as an internal combustion engine, which is paired with a
transmission in order to provide different gear drive ratios from the engine to
the drive wheels. Typically, the transmission is connected to a differential
which transmits torque from the transmission to output axles, with the
differential compensating for different rotational speeds of wheels attached to
the output axles which occurs, for example, during turning.

[0004] Differentials are also known in the form of both spur gear
differentials and bevel gear differentials. Spur gear differentials provide an
advantage in that the axial length of the differential in a direction of the
output axes is drastically reduced in comparison to a bevel gear differential.
Spur gear differentials utilize spur gears connected to a planetary gear carrier
that itself is driven by the transmission output and drives the output axles via
sun gears that engage the planetary gears. Here a first set of planet gears is
associated with the first sun and a second set of planet gears is associated
with the second sun, with the first and second planet gears also intermeshing
via the first set of planet gears axially overlapping and engaging the second
set of planet gears. The number of teeth of the planet gears of both sets is
equal and the number of teeth of the first and second sun gears is also equal.

Generally, the teeth of the first sun gear are arranged on a crown circle with a
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crown circle diameter that is different than the crown circle diameter of the
crown circle on which the teeth of the second sun are arranged so that the first
set of planet gears meshes with only the first sun and the second set of planet
gears meshes only with the second sun. Such a spur gear differential is
known from US 8,480,532, which is owned by the assignee of the present
invention and is incorporated herein by reference as if fully set forth.

[0005] Other experimentation with spur gear differentials has been
conducted by the predecessor to the assignee of the present invention in
conjunction with the Gear Research Center at the Technical University
Munich and General Motors Powertrain Germany GmbH where the sun gears
were provided as gears with internal ring teeth that engaged with the planet
gears.

[0006] Bevel gear differentials include a carrier in which a pair of drive
bevel gears are mounted that engage with a pair of driven bevel gears having
a common axis that is arranged perpendicular to the common axis of the drive
bevel gears. The driven bevel gears are connected to the output axels.

[0007] The automotive field continues to strive for further ways to
reduce the weight of motor vehicles in order to increase efficiency.
Additionally, making portions of the drive train modular for easier installation
and removal of the engine, transmissions, and differential has also been a
consideration in order to reduce assembly costs.

[0008] It would be beneficial to reduce the weight of the drive train of a
motor vehicle as well as reduce installation space. It would also be
advantageous to reduce manufacturing costs. This must all be achieved

without sacrificing functionality or reliability.

SUMMARY
[0009] A compact planetary differential is provided that includes a drive
input ring gear having external teeth and a planet gear carrier having first
and second axial sides connected rotationally fixed to the drive input ring
gear. First planet gears are located on the first axial side of the planet gear

carrier, and second planet gears are located on the second axial side of the
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planet gear carrier, with the first and second planet gears being arranged in
intermeshing pairs, and the planet gear carrier including interface openings
through which the respective intermeshing pairs of the first and second planet
gears contact one another. First and second pin plates are located respectively
on the first and second axial sides of the planet gear carrier, with the first and
second pin plates including aligned openings at a position for each of the first
planet gears and each of the second planet gears. Pinion shafts extend
through these aligned openings in the first and second pin plates and pinion
shaft openings in the planet gear carrier. A single one of the first or second
planet gears is rotatably supported on each respective one of the pinion shafts.
The pinion shafts are preferably connected to the pin plates and clamp the pin
plates against the planet gear carrier. A first sun gear, preferably having a
first hub, a first web, and a first external rim with a first internal ring gear, is
located on the first axial side of the planet gear carrier and engages with the
first planet gears, preferably by intermeshing contact with the first internal
ring gear. Therefore, the first sun internal ring gear orbits around the first
planet gears. A second sun gear, preferably having a second hub, a second
web, and a second external rim with a second internal ring gear, is located on
the second axial side of the planet gear carrier and engages with the second
planet gears, preferably by intermeshing contact with the second internal ring
gear. Therefore, the second sun internal ring gear orbits around the second
planet gears. Preferably, the planet gear carrier includes at least one recess
adjacent to the first and second hubs, and at least one support bearing is
located in the at least one recess which is adapted to receive ends of first and
second axles that extend through the first and second hubs. This
arrangement provides a planetary differential that is more compact than the
known prior art spur gear or planetary differentials. Further, the first and
second planet gears, the first and second sun gears, and the first and second
pin plates are preferably respectively interchangeable, reducing the number of
different parts that need to be manufactured, which reduces costs and

simplifies assembly. Further, the arrangement of the pin plates at each end of
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the pinion shafts provides a mechanically robust assembly that improves
reliability and service life.

[0010] In one preferred arrangement, the compact planetary
differential further includes a respective needle bearing located between each
of the first and second planet gears and the respective pinion shaft. This
increases service life and reduces internal friction.

[0011] Preferably, the at least one recess includes first and second
recesses located respectively on the first and second axial sides of the planet
gear carrier, and the at least one support bearing comprises first and second
support bearings. The first support bearing is located in the first recess and
the second support bearing is located in the second recess. To reduce friction
and increase service life, preferably the support bearings are rolling bearings.
[0012] In one preferred embodiment, axially outwardly facing sides of
the openings in the first and second pin plates are chamfered, and ends of the
pinion shafts are staked in the openings. They could also be retained by other
means.

[0013] Preferably, the first and second hubs include internal splines
that are adapted to shidingly receive splined axle ends.

[0014] In a preferred arrangement of the compact planetary differential,
the axes of the first planet gears and the axes of the second planet gears are
located radially at an equal distance from an axis of the compact planetary
differential. Preferably, this equal distance of the axes of the first and second
planet gears from the axis of the compact planetary gear differential is less
than 60% of a diameter of the input ring gear.

[0015] To reduce manufacturing costs, the first sun gear and the second
sun gear may be forged to a net shape, and the teeth are preferably hardened.
The sun gears could also be machined and hardened. Depending on the
application and the loads being carried, it is also possible that they could be
cast or formed by powder metallurgy.

[0016] In one preferred arrangement, annular recesses are provided on
the first and second axial sides of the planet gear carrier which at least

partially receive, respectively, the first external rim of the first sun gear and
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the second external rim of the second sun gear. This can provide a shielded
arrangement to keep debris from entering the gear area. It is also possible to
provide a first seal between the first external rim and the recess in the first
axial side of the planet gear carrier, and a second seal between the second
external rim and the recess in the second axial side of the planet gear carrier.
However, this arrangement is not required, and the entire compact planetary
differential could be located in an external housing and run in a gear oil bath.
[0017] First and second axles may be provided separately or together
with the compact planetary differential. These axles include splined ends that
engage in the respective first and second hubs. The first and second axles are
preferably aligned with the axis of the compact planetary differential, and
cylindrical support sections extend from the splined ends, and the at least one
support bearing is located on the cylindrical support sections.

[0018] In a preferred arrangement, the first planet gears axially overlap
the second planet gears by at least about 25% of an axial tooth dimension of
the first and second planet gears.

[0019] Preferably, the planetary gear carrier includes first counterbores
on the first axial side that receive the first planetary gears and second
counterbores on the second side that receive the second planetary gears, and
the interface openings are formed by an axial overlap of the first and second
counterbores.

[0020] In order to reduce weight and manufacturing costs, the drive
input ring gear can be formed as a separate part made from steel that is then
connected to the planet gear carrier. The planet gear carrier can be machined
or otherwise formed from a lower grade steel alloy or aluminum, or any other
suitable material

[0021] In a preferred arrangement, a radially innermost part of each of
the first and second planet gears are radially within 0.2 inches of a radially
outer part of the first and second hubs to provide a radially compact
arrangement. This arrangement of the planet gears as close as possible to the
axis of the compact planetary differential results in an overall reduced radial

size in comparison to the known prior art.
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[0022] As will be recognized by those of ordinary skill in the art from the
present disclosure, the above-noted features can be utilized alone or in various
combinations in order to provide a low cost, reduced size and weight

differential for various motor vehicle applications.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] The foregoing Summary as well as the following Detailed
Description will be best understood when read in conjunction with the
appended drawings which show a preferred embodiment of the invention. In
the drawings:
[0024] Figure 1 is side elevational view, with some components removed
for clarity, of a compact planetary differential.
[0025] Figure 2 is a cross-sectional view taken through compact
planetary differential of Figure 1 taken along line 2-2 in Figure 1.
[0026] Figure 3 is an exploded cross-sectional view showing the
components of the compacts planetary differential of Figures 1 and 2.
[0027] Figure 4 is a cross-sectional view of the compact planetary

differential similar to Figure 2 showing insertion of two axles.

[0028] Figure 5 is a side view of the planet gear carrier and drive input
ring gear.

[0029] Figure 6 is a cross-sectional view taken along lines 6-6 in Figure
5.

[0030] Figure 7 is a side view of a planet gear.

[0031] Figure 8 is a cross-sectional view taken along line 8-8 in Figure 7.
[0032] Figure 9 is a side view of a pin plate.

[0033] Figure 10 is a cross-sectional view taken along line 10-10 in
Figure 9.

[0034] Figure 11 is a side view of a pinion shaft used for supporting a
planet gear.

[0035] Figure 12 is an end view of the pinion shaft shown in Figure 11.
[0036] Figure 13 is a side elevational view looking into a sun gear.
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[0037] Figure 14 is a cross-sectional view taken along line 14-14 in
Figure 13.
[0038] Figure 15 is a partial side view showing first and second

intermeshing planet gears located on a pin plate.

[0039] Figure 16 is a partial cross-sectional view showing first and
second intermeshing planet gears located in the planet gear carrier and held
in position on pinion shafts connected to two of the pin plates.

[0040] Figure 17 is an elevational view, shown with some of the
elements removed for clarity, of the compact planetary differential of Figures
1-3 including some preferred overall dimensions.

[0041] Figure 18 is a view of an alternate arrangement of the compact
planetary differential having a further reduced radial dimension and a
slightly greater axial dimension.

[0042] Figure 19 is an envelope drawing of a prior known spur gear

differential showing the known overall dimensions.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0043] Certain terminology is used in the following description for

convenience only and is not limiting. The words "front," "rear," "upper" and
"lower" designate directions in the drawings to which reference is made. The
words "inwardly" and "outwardly" refer to directions toward and away from
the parts referenced in the drawings. The term “about” means within typical
manufacturing tolerances of a preferred number or range. These terms and
terms of similar import are for ease of description when referring to the
drawings and should not be considered limiting. “Axially” refers to a direction
along the axis of a shaft or similar object. A reference to a list of items that
are cited as "at least one of a, b, or ¢" (where a, b, and ¢ represent the items
being listed) means any single one of the items a, b, or ¢, or combinations
thereof.

[0044] For elements of the invention that are identical or have identical

actions, identical reference symbols are used. The illustrated embodiments
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represent merely examples for how the device according to the invention could
be equipped. They do not represent a conclusive limitation of the invention.
[0045] Referring to Figures 1-4, a first embodiment of a compact
planetary differential 10 is shown. The compact planetary differential 10
includes a drive input ring gear 12 having external teeth 14. A planet gear
carrier 16 having first and second axial sides 17, 18 is connected rotationally
fixed to the drive input ring gear 12. The drive input ring gear 12 and the
planet gear carrier 16 may be formed integrally, for example, by being
machined from a single piece of material, or may be formed separately from
two different materials with the ring gear 12 being made of steel and having
at least the teeth 14 hardened. In this case, the planet gear carrier 16 can be
made of a lower grade steel, aluminum, or other suitable material and being
connected to the ring gear 12, for example via welding, bolts, rivets, or any
other suitable connection.

[0046] First planet gears 22A-C are located on the first axial sides 17 of
the planet gear carrier 16. Second planet gears 26A-C are located on the
second axial side 18 of the planet gear carrier 16. The first planet gears 22A-
22C preferably have teeth 24 and the second planet gears 26A-26C preferably
have teeth 28. The first and second planet gears 22A-22C and 26A-26C are
arranged in intermeshing pairs, and the planet gear carrier 16 includes
interface openings 30 through which the respected intermeshing pairs 22A,
26A; 22B, 26B; 22C, 26C of the first and second planet gears 22A-22C, 26A-
26C contact one another. The planet gears 22A-22C, 26A-26C are preferably
made of steel and may be machined, forged, produced by casting or may be
made of other materials for example produced by a powder metallurgy or any
other suitable formation method to provide teeth 24, 28 having the desired
profiles and suitable tolerances for the particular application. As shown in
Figures 1 and 3, the axes of the first planet gears 22A-22C and the axes of the
second planet gears is 26A-26C are located at an equal distance R from an axis
of the compact planetary differential. In a preferred arrangement, the first
and second planet gears 22A-22C, 26A-26C are interchangeable. Detailed
drawings showing the preferred planet gear 22A-22C, 26A-26C are provided at
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Figures 7 and 8. As shown most clearly in Figures 2 and 16, the first planet
gears 22A-22C overlap the second planet gears 26A-26C by at least 25% of an
axial tooth dimension W of the first and second planet gears 22A-22C, 26A-
26C.

[0047] As shown in detail in Figures 2 and 3, as well as in Figures 5 and
6, which show details of the planet gear carrier 16 with the drive input ring
gear 12, preferably the planet gear carrier 16 includes first counter bores 19
on the first axial side 17 that received the first planet gears 22A-22C, and
second counter bores 20 on the second axial side 18 that received the second
planet gears 26A-26C. The interface openings 30 are formed by an axial
overlap of the first and second counter bores 19, 20.

[0048] While in the preferred embodiment, 3 intermeshing pairs of the
first and second planet gears 22A, 26A; 22B, 26B; 22C, 26C are shown, those
skilled in the art will recognize that the number of intermeshing pairs of the
first and second planet gears can be varied. Preferably, there are at least two
and the intermeshing pairs of the planet gears that are spaced part equally in
the circumferential direction.

[0049] Still with reference to Figures 1-4, first and second pin plates 32,
34 are located respectively on the first and second axial side 17, 18 of the
planet gear carrier 16. The first and second pin plates 32, 34 include aligned
openings 36, 38 at a position for each of the first planet gears 22A-22C and
each of the second planet gears 26A-26C. Details of the preferred pin plate
are shown in Figures 9 and 10. Preferably, the first and second pin plates 32,
34 are interchangeable. However, these could be provided at opposite-hand
parts. In a preferred embodiment, the pin plates 32, 34 are made from steel.
However, other materials could be used, depending upon the particular
application.

[0050] Pinion shafts 40 extend through aligned openings 36, 38 in the
first and second pin plates 32, 34 and pinion shaft openings 44 in the planet
gear carrier 16. These pinion shaft openings 44 in the planet gear carrier 16
are shown in detail in Figures 5 and 6. A single one of the first or second

planet gears 22A-22C, 26A-26C are rotatably supported on each respective one
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of the pinion shafts 40. The connection of the pinion shafts 40 to the pin
plates 32, 34 preferably clamps the pin plates 32, 34 against the planet gear
carrier 16. In the preferred embodiment, a respective needle bearing 42 is
located between each of the first and second planet gears 22A-22C; 26A-26C
and the respective pinion shaft 40. As illustrated in detail in Figure 4,
depending upon the particular configuration and load on the planet gears 22A-
22C; 26A-26C, two adjacent needle bearings 42 can be provided for each of the
first and second planet gears 22A-22C; 26A-26C.

[0051] In a preferred embodiment, the axially outwardly facing sides of
the openings 36, 38 in the first and second pin plates, 32, 34 include chamfers
37, 39 as shown in detail in Figures 9 and 10. As shown in detail in Figures 2
and 16, preferably the ends of the pinion shafts 40 are roller staked in the
openings 36, 38 and enlarged to be locked into the chamfers 37, 39.
Alternatively, the connection between the pinion shafts 40 and the pin plates
32, 34 can be by welding or any other suitable connection, such as a press fit.
Axial washers or bearings may be located between the planet gears 22A-22C,
26A-26C, the sides of the planet gear carrier 16, and the pin plates 32, 34 in
order to reduce friction. These have not been shown and are optional for use
in one or more of the indicated locations in order to ensure that the planet
gears rotate freely.

[0052] Still with reference to Figures 1-4, a first sun gear 50 having a
first hub 52, a first web 54, and a first external rim 56 with a first internal
ring gear 58 is located on a first axial side 17 of the planet gear carrier 16.
The first internal ring gear 58 engages the first planet gears 22A-22C. A
second sun gear 60 i1s also provided having a second hub 62, a second web 64,
and a second external rim 66 with a second internal ring gear 68 is located on
the second axial side 18 of the planet gear carrier 16. The second internal ring
gear 68 engages with the second planet gears 26A-26¢. In the first sun gear
50 and the second sun gear 60 are preferably forged to a net shape and are
preferably interchangeable, thereby reducing part count. One preferred form
of the sun gear 50, 60 is illustrated in Figures 13 and 14. As shown in detail
in Figures 3, 4, 13 and 14, preferably the first and second hubs 52, 62 include

10
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internal splines 53, 63 that are adapted to slidingly receive splined axle ends.
This is shown in Figure 4 where first and second axles 81, 82 are illustrated
having respective splined ends 85, 86 which include splines that are adapted
to slidingly engage with the internal splines 53, 63, of the first and second
hubs 52, 62.

[0053] The planet gear carrier 16 includes at least one recess 72, 74
adjacent to the first and second hubs 52, 62, as illustrated best in Figures 2, 3,
and 4. At least one support bearing, and preferably first and second support
bearing 76, 78, are located in the at least one recess 72, 74 and are adapted to
receive ends, formed as cylindrical support sections 83, 84, of the first and
second axles 81, 82, that extend through the first and second hubs 52, 54.
[0054] In one preferred arrangement, the first and second axles 81, 82,
including the splined ends 85, 86 that engage in the respective first and
second hubs 52, 54 can be provided with the compact planetary differential 10.
These first and second axles 81, 82 are aligned with the axis of the compact
planetary differential 10 and the cylindrical support sections 83, 84 extend
from the splined ends and support the planet gear carrier 16 via support
bearings 76, 78 which are located on the cylindrical support sections 83, 84 of
the axles 81, 82.

[0055] As shown, in the preferred embodiment, the at least one recess
72, 74 comprises first and second recesses 72, 74 located respectively on the
first and second axial side 17, 18 of the planet gear carrier 16. The at least
one support bearing therefore comprises first and second support bearing 76,
78, and the first support bearing 76 is located in the first recess 72 and the
second support bearing 78 is located in the second recess 74. The first and
second support bearing 76, 78 are preferably roller bearings and include an
outer race formed of a bearing grade steel. Preferably, the cylindrical support
sections 83, 84 of the axles 81, 82 ride directly on rollers of these bearings.
[0056] As shown in detail in Figures 2 and 3, in one preferred
arrangement annual recesses 90, 91 are provided on the first and second axial
side 17, 18 of the planet gear carrier 16 which at least partially received,

respectively, the first external rim 56 of the first sun gear 50 and the second
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external rim 66 of the second sun gear 60. As indicated in broken lines in
Figure 3, a first seal 92 can be located between the first external rim 56 and
the recess 90 on the first axial side 17 of the planet gear 16, and a second seal
93 can be located between the second external rim 66 and the recess 91 on the
second axial side 18 of the planet gear carrier 16. The seals 92, 93 may be
formed as wiper seals or any other suitable seal arrangement. Additionally,
seals could be located at a radial periphery of the first and second sun gears
50, 60 and contact the first and second axial side 17, 18 of the planet gear
carrier 16.

[0057] In order to ensure a compact size for the present compact
planetary differential 10, preferably, the equal distance R of the axes of the
first and second planet gears 22A-22C, 26A-26C, from the axis of the compact
planetary gear differential is less than 60% of a diameter D of the input ring
gear 12. This diameter D is shown in Figure 17 for one preferred embodiment
of the compact planetary differential 10. In an alternate embodiment shown
in Figure 18, the dimension D is even further reduced.

[0058] Additionally, in order to optimize the reduced radial envelope of
the compact planetary differential 10, a radially inner most part of each of the
first and second planet gears 22A-22C, 26A-26C, are radially within a small
clearance distance from the radially outer part of the first and second hubs 52,
62 of the first and second sun gears 50, 60. This radial clearance dimension is
preferably within about 0.2 inches of a radially outer part of the first and
second hubs 52, 62. However, this dimension could be reduced, depending
upon the particular tolerances of the parts of the compact planetary
differential 10.

[0059] The compact size provided by the present compact planetary
differential 10 in comparison to a known prior art spur gear differential is
illustrated in Figure 17, 18, and 19, with Figure 19 showing an envelope with
the known dimensions of a prior art spur gear differential. As shown in the
embodiment of Figure 17, by locating the axes of the first and second planet
gears 22A-22C, 26A-26C at a common distance R from the planetary

differential axis which has a dimension that is less than 60% of a diameter D
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of the input gear ring 12, the overall radial size of the compact planetary
differential is greatly reduced.  Referring to Figure 18, here the radial
dimension is even further reduced by allowing an increase in the axial
dimension, which may be appropriate for certain applications.
[0060] The compact differential 10 provides excellent differential
function in a more compact size than was previously available, meeting the
needs of today’s modern motor vehicle designs.
[0061] In each of the above embodiments, all the rotating parts would be
supported via appropriate bearings or bushings and the arrangements would
be encased in an outer casing to allow for lubrication. As these items are
customary in the art, they have not been described in further detail.
[0062] Having thus described the present invention in detail, it is to be
appreciated and will be apparent to those skilled in the art that many physical
changes, only a few of which are exemplified in the detailed description of the
invention, could be made without altering the inventive concepts and
principles embodied therein. It is also to be appreciated that numerous
embodiments incorporating only part of the preferred embodiment are possible
which do not alter, with respect to those parts, the inventive concepts and
principles embodied therein. The present embodiment and optional
configurations are therefore to be considered in all respects as exemplary
and/or illustrative and not restrictive, the scope of the invention being
indicated by the appended claims rather than by the foregoing description,
and all alternate embodiments and changes to this embodiment which come
within the meaning and range of equivalency of said claims are therefore to be
embraced therein.
[0063] List of Reference Numbers

10 compact planetary differential

12 drive input ring gear

14 external teeth

16 planet gear carrier

17 first axial side

18 second axial side

13
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19 first counter bores

20 second counter bores
22A-C first planet gears
24 teeth

26A-C second planet gears
28 teeth

30 interface openings

32 first pin plate

34 second pin plate

36 aligned openings

37 chamfer

38 aligned openings

39 chamfer

40 pinion shafts

42 needle bearing

44 pinion shaft openings
50 first sun gear

52 first hub

53 internal spline

54 first hub

56 first external rim

58 first internal ring gear
60 second sun gear

62 second hub

63 internal spline

64 second hub

66 second external rim
68 second internal ring gear
72 recess

74 recess

76 first support bearing

78 second support bearing
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81 first axle

82 second axle

83 cylindrical support section
83 cylindrical support section
85 splined end

86 splined end

90 annular recess

91 annular recess

92 first seal

93 second seal

* * *
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CLAIMS

1. A compact planetary differential, comprising:

a drive input ring gear having external teeth;

a planet gear carrier having first and second axial sides connected
rotationally fixed to the drive input ring gear;

first planet gears located on the first axial side of the planet gear
carrier, and second planet gears located on the second axial side of the planet
gear carrier, the first and second planet gears being arranged in intermeshing
pairs, and the planet gear carrier including interface openings through which
the respective intermeshing pairs of the first and second planet gears contact
one another;

first and second pin plates located respectively on the first and second
axial sides of the planet gear carrier, the first and second pin plates including
aligned openings at a position for each of the first planet gears and each of the
second planet gears;

pinion shafts extend through the aligned openings in the first and
second pin plates and pinion shaft openings in the planet gear carrier, a single
one of the first or second planet gears being rotatably supported on each
respective one of the pinion shafts;

a first sun gear located on the first axial side of the planet gear carrier
that engages the first planet gears; and

a second sun gear being located on the second axial side of the planet

gear carrier that engages the second planet gears.

2. The compact planetary differential of claim 1, wherein the connection of
the pinion shafts to the pin plates clamps the pin plates against the planet

gear carrier.
3. The compact planetary differential of claim 1, wherein the first sun gear
includes a first hub, a first web, and a first external rim with a first internal

ring gear, and the first internal ring gear engages the first planet gears, the
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second sun gear includes a second hub, a second web, and a second external
rim with a second internal ring gear, and the second internal ring gear
engages the second planet gears, and the planet gear carrier includes at least
one recess adjacent to the first and second hubs, and at least one support
bearing located in the at least one recess which is adapted to receive ends of

first and second axles that extend through the first and second hubs.

4. The compact planetary differential of claim 1, wherein axially
outwardly facing sides of the openings in the first and second pin plates are
chamfered, and ends of the pinion shafts are staked in the openings, and/or
the first and second hubs include internal splines that are adapted to slidingly

receive splined axle ends.

5. The compact planetary differential of claim 1, wherein axes of the first
planet gears and axes of the second planet gears are located radially at an
equal distance from an axis of the compact planetary differential, and the
equal distance of the axes of the first and second planet gears from the axis of
the compact planetary gear differential is less than 60% of a diameter of the

input ring gear.

6. The compact planetary differential of claim 1, wherein at least one of
the first sun gear and the second sun gear are interchangeable, the first and
second planet gears are interchangeable, or the first and second pin plates are

interchangeable.

7. The compact planetary differential of claim 3, further comprising
annular recesses on the first and second axial sides of the planet gear carrier
which at least partially receive, respectively, the first external rim of the first
sun gear and the second external rim of the second sun gear, and preferably a
first seal is located between the first external rim and the recess in the first

axial side of the planet gear carrier, and preferably a second seal is located
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between the second external rim and the recess in the second axial side of the

planet gear carrier.

8. The compact planetary differential of claim 1, wherein the planetary
gear carrier includes first counterbores on the first axial side that receive the
first planetary gears and second counterbores on the second axial side that
receive the second planetary gears, and the interface openings are formed by

an axial overlap of the first and second counterbores.

9. The compact planetary differential of claim 1, wherein the drive input
ring gear is formed as a separate part from steel and is connected to the planet

gear carrier.

10. The compact planetary differential of claim 1, wherein a radially
innermost part of each of the first and second planet gears are radially within
0.2 inches of a radially outer part of the first and second hubs to provide a

radially compact arrangement.
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