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PLANETARY GEAR CARRIER JOINT FOR
PRECISION RE-ASSEMBLY AND TORQUE TRANSMISSION

CROSS-REFERENCE TO RELATED APPLICATION
{6001] This claims the benefit of U.S. Provisional Patent Application No. 61/819,961
filed April 11, 2013 and of U.S. Provisional Patent Application No. 61/825,823 filed May 21,
2013, the entire disclosures of which are hereby incorporated by reference for all purposes.

STATEMENT CONCERNING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

{8002} Not applicable.

FIELD OF THE INVENTION
10603] This relates to joining of parts in a manner that can be disassembled and re-
assembled with precision and facility, as is necessary for example when the parts are machined
assembled and then must be disassembled and re-assembled with the machined surfaces of the
parts precisely located relative to one another, and in particular for torque transmitting parts that

are put together in a multi-part assembly.

BACKGROUND OF THE INVENTION

{6004] This invention relates to machined component assemblies such as planetary gear
carriers for automatic transmissions. In such assemblies, commonly two parts adapted to support
planetary gears between them are put together into an assembly, are machined as assembled and
thereafter are disassembled for additional components to be added (shafis, planetary gears, etc.}
or processes to be performed while disassembled and then the parts are re-assembled, Upon re-
assembly, the machined surfaces must be located relative to one another in the precise location in
which they were machined prior to disassembly.

[8065] In the typical construction, a drum part has two splines, like gear tecth, on its
outer perimeter. Placing both sets of splines on one monolithic component {acilitates torque
transfer, but makes it relatively difficult to manufacture.

SUMMARY OF THE INVENTION

18006] The invention provides for separating a counstruction, such as a planetary gear

carrier, typically found in a single part into multiple parts while still permitiing precision re-

assembly of the parts afier machining or other processes are performed.



WO 2014/169033 PCT/US2014/033487

106871 A locating key in the multi-part construction that mates in an interference fit or
plastically deforms or is deformed by at least two of the parts when they are initially assembled
is provided that assures that the parts will be reassembled in precisely the same relative position.
The key may be provided as a scparate part, or may be integral with one of the parts. Ina
component subjected to torque from one part to apother, the torque is transmitted through the
key. One or more of the paris may be powder metal, which may be sintered or sinter forged
powder metal, and one or more of the other parts may be another material, such as aluminum, for
example. The key may be a harder material and the receivers (the parts deformed by the key)
may be a sofler material, or vice versa. However, a tight fit, or even plastic deformation, caused
by one of the parts to the other part or parts should occur when the parts are assembled together,
so that when they are disassembled and then re-assembled, the deformed surfaces will receive
the surfaces that deformed them with precision. To facilitate this, deforming ribs may be added
to one of the interfitling components that bite into the other component to assure precision upon
reassembly.

(6068} In addition, windows may extend through the sets of teeth or splines that facilitate
assembly of planet gears to the carrier with the three main parts of the carrier assembled. The
windows may be defined by edge openings in two or more of the three parts.

I0009] The foregoing and other objects and advantages of the invention will appear in the
detailed description which follows. In the description, reference is made to the accompanying

drawings which illustrate a preferred embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

100101 Fig. 1 is a perspective view of a first carrier plate of a prior art planetary gear
carrier for an automatic transmission;

10011] Fig. 2 is a perspective view of a drum for the prior art planetary gear carrier
including the plate of Fig.1;

[6012] Fig. 3 is a perspective view of a drum hub part incorporating aspects of the
invention;

[0813] Fig. 4 is a perspective view of a carrier plate incorporating aspects of the

invention for fitting with the drum hub of Fig. 3;
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[0814] Fig. S is a perspective view of a drum cover incorporating aspects of the invention
for fitting with the drum hub of Fig. 3 and the carrier plate of Fig. 4 to make a planetary gear
carrier assembly;

{8815] Fig. 6 is a detail perspective view of one of the lugs incorporating the invention,
like one of the Ings in the carrier plate of Fig. 4;

{0016} Fig. 7 is a cross-sectional view from the plane of the line 7-7 of Fig. 6 and also
showing the components of Figs. 3-5 being assembled together but without the bolt that secures
them;

[8817] Fig. 8 is a view like Fig. 6 but of an alternate embodiment of the lug;

{0018] Fig. 9 is a schematic depiction of the assembly of Fig. 9 (bolt hole not shown);

{0015] Fig. 10 is a schematic depiction like Fig. 9 but of an alternate embodiment;

{0028] Fig. 11 is a schematic depiction like Figs. 9 and 10 but of another aliernate
embodiment;

{8021} Fig. 12 is a perspective fragmentary view of a feature that can be incorporated
into an assembly by applying aspects of the invention;

[8822] Fig. 13 is another example of a feature that can be incorporated into an assembly
by applying aspects of the invention;

{6823] Fig 14 is like Fig. 13 with the parts shown there assembled;

{0824] Figs. 15-25 are views of an alternate embodiment of a three piece planetary gear
carrier with keys formed as part of the drum hub, like the schematic of Fig. 10;

(00235} Fig. 26 is a top perspective view of an alternate embodiment like the embodiment
of Figs. 15-23 but having windows for assembling internal planetary gears to the carrier with the
three main parts of it assembled together; and

{0026] Fig. 27 is a bottom perspective view of the embodiment of Fig, 26.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
{0827} The invention provides a joining method and construction in which one part,
which may be powder metal, has keys that are coaxially located to afford joining of parts of an
assembled component. The parts can be powder metal or a mixture of powder metal paris and
other parts, for example, aluminum. The joint may have the key incorporated into one of the
parts or be provided with the key as a separate element. The keys are precisely designed to allow

accurate positional fixing to the other parts of the assembly, which is repeatable when the parts

3.
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are disassembled and re-assembled. The keys are also capable of transmitting torques in torque
transmission applications. A typical use would be an automatic transmission planstary gear
carrier that has coaxial splines. A problem to which the invention is directed is the need o join
three or more pieces together but allow the pieces to be disassembled and re-assembled with
precision. Typically, such parts are assembled and machined with the machining, for example
line boring, going through multiple parts. Then the parts are disassembled, for example to
assemble additional parts to them, like shafis and planetary pinions, and are re-assembled. When
re-assembled, the common holes or other machined surfaces that were machined in a single line
boring or other machining operation must be co-axially and precisely located relative to one
another. In addition, such parts roight have splines on the outside of them, and different sets of
splines on the outside of them, which must be aligned with one another angularly and co-axially
and precisely positioned relative to one another in all three dimensions. In addition, the joint
must provide adequate assembly strength for example in an sutomatic transmission carrier as
torques are transmitted between the multiple sets of splines on the carrier.

[0828] Figs. 1 and 2 show parts of 3 conventional carrier, including a drum 12 and &
carrier plate 14. The drum 12 is assembled over the lugs 16 of the plate 14 with holes 18 of
drum 12 lining up with respective threaded holes 20 of plate 14 and bolts inserted through the
holes 18 into the holes 20 and threaded therein so as to secure the two pieces together. Pinion
shaft holes 17 are in the drum 12 with a corresponding set of pinion shaft holes 19 in the plate 14
into which pinion shafts (not shown) are assembled that support three planetary pinion gears (pot
shown} between the flange 13 of the drum 12 and the plate 14, in the spaces between the lugs 16.
There is one external spline on plate 14 indicated by teeth 21, which continue all of the way
arcund the periphery and two splines on the drum 12 indicated by the respective teeth 23 and 25,
both of which continue all of the way around the periphery.

{6623} In the construction of a planetary gear carrier of Figs. 3-5, the drum 12 is
separated into two components, the drum intermediate component 24 of Fig. 3, and the drum
cover 26 of Fig. 5 and features are provided on the two components that incorporate aspects of
the invention. The carrier plate 28 shown in Fig. 4 is also modified to incorporate aspects of the
invention. Upon assembly of the three components together, the hub 24 is placed over the plate
28 with the lug extensions 32, also referred to herein as keys 32, extending through receivers 34
in drum hub 24, the receivers 34 being holes that extend through the flange 38 of the drum hub.

i
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The keys 32 extend beyond the receivers 34 of the drum hub 24 into pocket receivers 40 of the
drum cover 26. The drum cover 26 is flipped over from the orientation illustrated in Fig. 5 onto
the top of the drum hub 24 of Fig. 3 with the pocket receivers 40 lined up with the through hole
receivers 34 and with the lug extensions 32. There is an interference fit provided between the
side surfaces of the keys 32 and the receivers 34 and 40. This interference fit may be provided
by providing a taper on the mating surfaces of the keys 32 and receivers 34 and 40 or by
providing V-shaped ribs {paratlel to and tapering in the direction of insertion) or other structuzes
on the faces of the extensions 32 that would bite into the walls of the receivers 34 and 40 upon
pressing of the plate 28 into the hub 24 and cover 26, for example as described in WO
2007/081713 A2 or in U.S. Patent Application Publication No. 2002/0170161 Al, both of which
are hereby incorporated by reference as if fully set forth herein for all purposes.

{8030] Whercas the receivers 34 are through holes, the pocket receivers 40 have a bottom
wall 44 through which the holes 46 extend which are analogous to the holes 18 in Fig. 2 through
which the bolts extend. Therefore, bolts extend from the end of holes 46 at the opposite end
from that shown in Fig. 5 through the heles 46 and into threaded holes 52 in the keys 32 to
secure the three parts together.

[4831] Referring particularly to Figs. 4 and 6, the keys 32 extend above lugs 16 and are
smaller than the lugs 16 on all sides creating a ledge 56 that in the embodiment of Fig. 6 extends
all the way around the key 32. The ledge 56 is at the top of the leg 16 and at the base of the key
32. The drum hub 24 may or may not bottom against the ledge 56 when all of the parts are
assembled, and the surface 44 may or may not bottom against the end surface 60 of the keys 32
when the parts are assembled. For assembly precision, it is preferred that such bottoming does
occur, but the fit of the sides of the keys 32 to the sides of the receivers 34 and 40 must be
sufficiently tight upon insertion o counteract all forces that the assembled component may be
subjected to, such as torque forces, and to assure precise re-assembly of the parts after machining
and the parts are disassembled. They must remain tight through the temperatore range that the
assembly will be subjected, accounting for dissimilar materials and rates of thermal expansion,
as would exist for example, if the plate 28 and keys 32 were an iron based powder metal and the
drum hub 24 and drum hub cover 26 were aluminum. As stated above, the fit may be an
interference fit, and depending on the application may need to be an interference fit that causes

plastic deformation between the keys 32 and the receivers 34 and 40, and particularly between

5.
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the side surfaces of the keys 32 and the side surfaces of the receivers 34 and 40 that are deformed
- by the keys 32 upon the initial pressing of the keys 32 into the receivers 34 and 50. These side
surfaces of the keys 32 are indicated by reference numeral 64 and extend all of the way around
the key 32 in Fig. 4 and mate with the facing surfaces of the receiver 34 indicated as 66 and the
facing surfaces 70 of the pocket receivers 40, which also extend all of the way around the pocket
receivers 40. It may also be possible to design the mating surfaces so that they do not interfere
for their full peripheries.

{6032] Fig. 7 is a cross-sectional view from the plane of the line 7-7 of F ig. 6 illustrating
generally the relationship of the parts. Although spaces are shown for drawing clarity between
the key 32 and the receivers, it should be understood that such spaces would not exist with an
interference fit.

{6633} Fig. 8 illustrates an alternate construction for the keys 32, identified as key 32° in
which the step surface 567 is only at the ends of the key 32" and not along its inner and outer
sides. In this embodiment, the key 32° is the full width of the fug 16 which provides more
strength for radial location and torque transmission,

{8834} For ease of understanding, Figs. 9-11 illustrate alternate conf gurations for the key
32 in schematic representation without showing the holes 52. Also, as indicated above, the fact
that there are spaces between the lines delineating the keys and the mating parts does not mean
that there are actually open spaces there. Instead, there would be an interference fit across the
majority of the surface or poriions of the two surfaces would actually interfere to the point that
there was plastic deformation of one or the other surface. For example, the key or the
component that the key is part of may typically be made of an iron based powder metal and the
other two or three components may be made of a softer material such as aluminum, That being
the case, the powder metal component bearing the key or the key itself if provided as a separate
component would bite into or otherwise plastically deform the mating surfaces of the aluminum
components.

[B835] Fig. 9 is a schematic representation of the embodiment of Fig. 7. Fig. 10isa
representation like Fig. 9, but with the key provided as part of the intermediate component {the
drum hub 24), rather than as part of the third component {the carrier plate 28). In Fig. 10, the
intermediate component is denoted Part B, which would preferably be a harder material such as

powder metal, with Parts A and C being the softer material such as alemimum, which would be

e
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deformed by the keys formed as part of Part B fitting into the receivers which are formed in the
respective Parts A and €. In the embodiment of Fig. 10, as applied to a planetary gear carrier,
the keys extend from both sides of the plate or flange of the drum hub into appropriately-sized
and shaped receivers in the drum cover on the top (Part A) and in the carrier plate (Part C).

[6836] Fig. 11 illustrates a separate key D that is separate from any of the Parts A, B, or
C. Part D would interfere with all three components A, B, and €. All of Figs, 9-11 are
schematic sectional views like from the plane of the line 7-7, but without showing the bolt holes.
it is noted that in the configuration of Fig. 9, the key may be provided on Part C as illustrated or
on Part A with the pocket receiver in Part C. In the carrier embodiment, therefore, the key would
be provided on the drum cover and the pocket receiver would be provided in the carrier plate.

{8037} Referring to Fig. 12, the design of multiple pieces allows the development of co-
joined geometry such as oil reservoirs 80, A second piece could be added on top to produce a
well. Thereby, the reservoir &0 can be formed during the powder metal compaction step in the
sintering process,

{B038] Referring to Figs. 13 and 14, another example of an advantage with using
multiple pieces in such an application is that they allow the development of cross-hole slots for
fabrication or other functions. Fig. 13 illustrates a cross-hole slot 82 at an end of a circular part.
This can also be formed during a powder compaction process. When a top piece 84 is added as
illustrated in Fig. 14, a slotted hole results allowing use of the hole as a lubricant or other feature,
such as an access slot.

{0639] Figs. 15-25 illustrate an allernate embodiment of a three piece planetary gear
carrier 100 with keys 132 formed as part of the drum hub 124, like the schematic of Fig. 10.
Elements corresponding to elements in the embodiment of Figs. 3-5 are labeled with the same
reference number plus 100,

0840] Fig. 26 applies the advantages provided by the keyed assembly of the three
mating parts{drum cover 226, drom hub 224 and carrier plate 228) of the carrier by providing
windows 203 in the two paris 226 and 224 that make up the drum. A pinion gear 205 may be
inserted through each window 203 after the three parts 224, 226 and 228 are assembled together
(by bolting, riveting, brazing or welding) without disassembling the three parts. Elements
corresponding to elements in the embodiment of Figs. 3-5 are labeled with the same reference

number plus 200, There are typically three such windows 203 provided arcund the two part

-
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drum, equiangularly spaced apart, to receive the respective three planet gears 205, Each planet
gear 205 may be secured by inserting a shaft (not shown) down through the coaxial hole 219 in
the carrier plate, through the gear 205 and into recesses {or holes) in the drum cover 226, The
shaft may be secured axially by any suitable means, for example by a pin through the gear and
shaft or by an E clip. The embodiment of Fig. 26 may be provided with all of the features of the
previously described embodiments, and may be made just like the embodiment of Figs. 15-25,
except with the windows 203 as described.

18841} Each window 203 is provided with one side portion 203A of the window in the
drum cover 226 and the other side portion 203B in the drum hub 224. As such, since cach
portion 203A, 2038 of the window is three sided, the window portions can be formed by
conventional powder metal compaction processes. The two window portions need not be the
same size and in the embodiment of Fig. 26 portion 2034 is more narrow in axial extent than is
portion 2038. The window 203 is through both sets of teeth of the drum so that teeth span the
circumference of each window portion 203A, 203B to maintain engagement between both sets of
teeth 223, 225 even at the angular locations of the windows 203,

[6842] Thereby the invention provides a joint between mating parts that relies on
deformability between a key and mating faces on the other parts to provide functional locking for
machining steps performed with the components assembled and provide that they can be
disassembled and re-assembled in precisely the same relationship in which they were machined.
The joint also provides for acting as a sitress carrying member, with the key shape having a
geometry to provide adequate strength and necessary concentricity for the intended function, and
enables the formation of windows in the drum through which the planetary gears can be
assembled without disassembly of the carrier,

[0043] A preferred embodiment of the invention has been described in considerable
detail. Many modifications and variations to the preferred embodiment described will be
apparent o 2 person of ordinary skill in the art. Therefore, the invention should not be limited to

the embodiment described.
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We claim:

1. A joint for joining three or more parts of an assembly, comprising;

a key presenting mating surfaces parallel to a direction of insertion, the key being formed
integral with a first part;

a second part having formed therein a first receiver hole through which the key extends in
an interference fit, the key extending in the direction of insertion beyond the receiver hole;

a third part having formed therein a second receiver hole into which the key extends in
the direction of insertion in an interference fit;

wherein the key provides for disassembly after initial assembly and re-mating of the key
to the receivers upon re-assembly of the key and parts with upon re-assembly the key and paris

in their relationships established upon initial assembly.

2. A joint as claimed in claim 1, wherein a fastener bole is formed in the key that

runs parallel to the direction of insertion.

3 A joint as claimed in claim 1, wherein the key plastically deforms walls of the
receivers.
4. A joint as claimed in claim 1, wherein the key transmits torque between the first

part and at least one of the other parts.

5. A joint as claimed in claim 1, wherein the assembly includes a planectary gear
carrier,

6. A joint as claimed in claim 3, wherein the key is formed as part of a carrier plate
of the carrier.

7. A joint as claimed in claim 5, wherein the key is formed as part of a drum cover

of the carrier.
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8. A joint as claimed in claim 5, wherein the key is formed as part of a drum hub of
the carrier.
9. A joint as claimed in claim 1, wherein the first part is at an end of the assembly.

10. A joint as claimed in claim I, wherein the first part is between the second and

third parts of the assembly.

11, A joint as claimed in claim 1, wherein at least two of the parts define a window
through them, the window being part provided in a wall of the one of the parts and part provided

in 2 wall of the other part that defines the window.

12. A joint as claimed in claim 11, wherein the assembly is a planetary gear carrier
with one of said parts being a drum cover and another of said parts being a drum hub, and
wherein one side portion of the window is defined in the drum cover and another side portion of

the window is defined in the drum hub.

13, A planelary gear carrier assembly as claimed in claim 12, wherein the window

interrupts teeth of the drum hub and drum cover.

14. A planetary gear carrier assembly as claimed in claim 13, wherein the window

interrupts two sets of teeth.

15, A planetary gear carrier assemsbly as claimed in claim 14, wherein one set of tecth

in on the drum cover and the other set of teeth is on the drum hub.
16. A planetary gear carrier assembly as claimed in claim 12, wherein the window is

sized and positioned to provide insertion of a planetary gear through the window during

assembly of the planetary gear carrier,

-10-
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17. A joint as claimed in claim 11, wherein one of the parts is a drum cover and the

key is formed as part of the drum cover.

18. A joint as claimed in claim 11, wherein one of the parts is a drum hub and the key
is formed as part of the drum hub.

19, A joint as claimed in claim 11, wherein one of the parts is a carrier plate and the

key is formed as part of the carrier plate.

20. A joint as claimed in claim 11, wherein the first part is between the second and

third parts of the assembly.

21, A joint as claimed in claim 1, further comprising an oil reservoir formed in one of

the parts.

22, A joint as claimed in claim 1, further comprising a cross slot formed in one of the

paris,

23. A joint for joining three or more parts of an assembly, comprising:

a key presenting mating surfaces parallel to a direction of insertion;

a first part having a first receiver hole into which the key extends in an interference fit
along an insertion axis;

a second part baving formed therein a second receiver hole in which the key is received
in an interference fit and beyond which the key extends in opposite directions along the insertion
axis;

a third part having formed therein a third receiver hole into which the key extends along
the insertion axis in an interference £t

wherein the key provides for disassembly after initial assembly of the three parts and re-
mating of the key to the receivers upon re-assembly of the key and paris with upon re-assembly

the key and parts in their relationships established upon initial assembly.

-11-



WO 2014/169033 PCT/US2014/033487

24. A joint as claimed in claim 23, wherein a fastener hole is formed in the key that

runs parallel to the insertion axis.

25,

receivers.

A

A joint as claimed in claim 23, wherein the key plastically deforms walls of the

26. A joint as claimed in claim 23, wherein the key transmits torque between the

parts.

27. A joint as claimed in claim 23, wherein the assembly includes a planetary gear

carrier.

28. A joint as claimed in claim 27, wherein the key is separate from a carrier plate, 2

drum hub and a drum cover of the planetary gear carrier.

28, A joint as claimed in claim 23, further comprising an oil reservoir formed in one

of the parts,

30. A joint as claimed in claim 23, further comprising a cross slot formed in one of

the parts,

-12-
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31. A planetary gear carrier assembly, comprising:
a drum inchuding:

a drum cover; and

a drum hub;

wherein the drum hub and drum cover together define a generally cylindrical
periphery of the drum;
a carrier plate assembled in relationghip to the drum so as to be adjacent to the drum hub;
and
at least one key formed integrally with at least one of the drum cover, the drum hub and
the carrier plate that locates the drum cover, drum hub and carrier plate relative to one another:

wherein windows are defined through the cvlindrical periphery of the drum.

32. A planetary gear carrier assembly as claimed in claim 31, wherein one side
portion of the window is defined in the drum cover and another side portion of the window is
defined in the drum hub.

33. A planetary gear carrier assembly as claimed in claim 31, wherein the window

interrupts teeth of the cylindrical periphery.

34. A planetary gear carrier assembly as claimed in claim 33, wherein the window

interrupts two sets of tecth of the cylindrical periphery.

35, A planetary gear carrier assembly as claimed in claim 34, wherein one set of teeth

in on the drum cover and the other set of teeth is on the drum hub.
36. A planetary gear carrier assembly as claimed in claim 35, wherein the window is

sized and positioned to provide insertion of a planetary gear through the window during

assembly of the planetary gear carrier.

-13-
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