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(57) Abstract: A method of forming a drive plate for a torque converter is provided. The method includes folding a portion of the drive
plate into a plurality of sections stacked to form aligned layers and providing a hole through the layers to form a lug for connecting the
drive plate to an engine. A torque converter is also provided. The torque converter includes a front cover and a drive plate connected
to the front cover and configured for connecting to an engine. The drive plate includes a plurality of sections stacked to form aligned
layers and the layers includes a hole passing therethrough.
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TORQUE CONVERTER DRIVE PLATE

[0001] The present disclosure relates generally to torque converters and more specifically

to drive plates of torque converters.

BACKGROUND
[0002] U.S. Pub. No. 2013/0272779 discloses a stamped, folded lug with circumferential

tabs (or wings) for attachment to the cover.

[0003] U.S. Patent No. 6,561,330 discloses various embodiments of a torque converter

including a driving section of the housing.

SUMMARY OF THE INVENTION

[0004] A method of forming a drive plate for a torque converter is provided. The method
includes folding a portion of the drive plate into a plurality of sections stacked to form
aligned layers and providing a hole through the layers to form a lug for connecting the

drive plate to an engine.

[0005] A torque converter is also provided. The torque converter includes a front cover
and a drive plate connected to the front cover and configured for connecting to an engine.
The drive plate includes a plurality of sections stacked to form aligned layers and the

layers includes a hole passing therethrough.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] The present invention is described below by reference to the following drawings,

in which:

[0007] Fig. 1 schematically shows a cross-sectional side view of a torque converter

according to an embodiment of the present invention;

[0008] Figs. 2a to 2c¢ illustrate a method of forming one of lugs in accordance with a first

embodiment of the present invention;

[0009] Figs. 3a to 3d illustrate a method of forming one of lugs in accordance with a

second embodiment of the present invention;
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[0010] Fig. 4 illustrates a method of forming a lug in accordance with a third

embodiment of the present invention;

[0011] Fig. 5 illustrates a method of forming a lug in accordance with a fourth

embodiment of the present invention; and

[0012] Fig. 6 illustrates a method of forming a lug in accordance with fifth embodiment

of the present invention.

DETAILED DESCRIPTION

[0013] The disclosure provides methods of making drive plate tabs thicker by folding

two stamped circumferential sides attached to tab, and an optional third outer diameter
portion. The two sides (and option third portion) are folded in to form the thicker tab,

and threads are rolled for increased thread engagement. The methods may also reduce

blank size.

[0014] Fig. 1 shows a cross-sectional side view of a torque converter 10 in accordance
with an embodiment of the present invention. Torque converter 10 is rotatable about a
center axis 11 and includes a front cover 12 for connecting to a crankshaft of an internal
combustion engine and a rear cover 14 forming a shell 16 of an impeller or pump 18.

The terms radially, axially and circumferentially are used herein with respect to center
axis 11. Front cover 12 includes a pilot 12a centered on center axis 11, a radially
extending section 12b extending radially outward from pilot 12a and an axially extending
section 12¢ extending axially from the radially outer end of radially extending section
12b toward rear cover 14. Torque converter 10 also includes a turbine 20, which is
positioned opposite impeller 18 and a stator 22 axially between impeller 18 and turbine

20.

[0015] A radially inner end of turbine 20 is riveted to a hub section 24, which includes an
circumferential surface 26 splined for connecting to a transmission input shaft. A damper
assembly 28 is connected to hub section 24 for rotation with hub section 24. More
specifically, a drive flange 30 of damper assembly 28 includes a splined inner

circumferential surface 32 configured for connecting to an splined outer circumferential
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surface 34 of hub section 24. Drive flange 30 includes a plurality of circumferentially
spaced slots for receiving circumferentially spaced springs 36, which are supported
axially between a first cover plate 38 and a second cover plate 40. Cover plates 38, 40

are fixed together by sheet metal rivets 42.

[0016] Torque converter 10 also includes a lockup clutch 44 formed by an inner radially
extending surface 46 of radially extending section 12b of front cover 12, a clutch plate 48
and a piston 50. Clutch plate 48 is formed at a radially outer end of first cover plate 38
and includes friction material 48a, 48b on both axial surfaces thereof. A first friction
material 48a is configured for contacting inner radially extending surface 46 and a second
friction material 48b is configured for contacting piston 50. Piston 50 is fixed to radially
extending section 12b of front cover 12 by a leaf spring 52 such that piston 50 is axially
movable with respect to radially extending section 12b in a limited manner. When clutch
44 1s locked by piston 50 pressing clutch plate 48 axially against inner radially extending
surface 46 of radially extending section 12b, cover plates 38, 40 transfer torque from
front cover 12 to drive flange 30 via springs 36. Drive flange 30 in turn drives the

transmission input shaft via hub section 24.

[0017] Torque converter 10 also includes a drive plate 54 configured for connecting front
cover 12 to an engine crankshaft. Drive plate 54 includes a pilot 56 a radial center
thereof centered on center axis 11. Pilot includes a radially extending center disc portion
58 perpendicularly intersecting center axis 11 and an axially extending section 60
forming an outer circumference of pilot 56 that extends axially away from an outer
circumference of disc portion 58. Pilot 56 is axially offset from pilot 12a and allows
torque converter 10 to extend axially further than pilot 12a for mating with a
corresponding centering bore in the engine crankshaft to center torque converter on the
engine crankshaft. Adding drive plate 54 to front cover 12 allows torque converter 10 to
be used with a drive train having a greater axial gap between the engine crankshaft and
the transmission input shaft than torque converter 10 could be used by the use of pilot
12a, essentially allowing torque converter 10 to be used for drive trains having different
axial gaps between the engine crankshaft and the transmission input shaft. Additionally,

pilot 54 is radially larger than pilot 12a, allowing torque converter 10 to be used with an
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engine crankshaft having a centering bore that is radially larger than a centering with
which pilot 12a could be used, essentially allowing torque converter 10 to be used for

engine crankshafts having centering bores of different radial widths.

[0018] Drive plate 54 further includes a flat connecting section 62 configured for
connecting to radially extending portion 12b of front cover 12 and lugs 64 configured for
connecting torque converter 10 to an engine flexplate. A first radially and axially
extending section 66 extends radially outward from axially extending section 60 of pilot
56 and axially toward radially extending section 12b of front cover 12. Radially and
axially extending section 66 connects pilot 56 to flat connecting section 62, which
extends perpendicular to center axis 11. In this embodiment, flat connecting section 62 is
riveted by rivets 68 to a flat radially extending section 70 of front cover portion 12b that
extends perpendicular to center axis 11 and is axially aligned with springs 36. Rivets 68
are extruded rivets formed by extruding front cover portion 12b through holes in flat

section 62.

[0019] Radially outside of connecting section 62, drive plate 54 further includes a second
radially and axially extending section 72 extending radially outward from connecting
section 62 and axially away from front cover section 12b to lugs 64. Lugs 64 are formed
to be thicker than a remainder of drive plate 54 by folding protrusions 74 at an outer
circumference 75 of drive plate 54 multiple times. In this embodiment, lugs 64 are
formed by folding the protrusions 74 twice to form three layers 76a, 76b, 76¢c. Lugs 64
each include a base layer 76a contiguous with and radially protruding from outer
circumference 75 away from center axis 11. At a first bend 76d, base layer 76a merges
with an intermediate layer 76b that is bent radially inward from base layer 76a and
extends radially inward from base layer 76a toward center axis 11. At a second bend 76e,
intermediate layer 76b merges with an end layer 76¢ that is bent radially outward from
intermediate layer 76b and extends away from center axis 11 to form a free end 78 of
protrusion 74. Accordingly, each of lugs 64 is formed by three layers 76a, 76b, 76¢ that
are axially and circumferentially aligned with each other and extending in different

planes parallel to each other, with each of layers 76a, 76b, 76¢ extending perpendicular to
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center axis 11. Lugs 64 each include an axially extending threaded hole 80 extending

therethrough, with hole 80 passing through each layer 76a, 76b, 76c.

[0020] Figs. 2a to 2c¢ illustrate a method of forming one of lugs 64 in accordance with a
first embodiment of the present invention. Fig. 2a shows a plan view of protrusion 74,
before any folding thereof, protruding radially away from outer circumference 75 of drive
plate 54. Protrusion 74 is provided with notches 82a, 82b on radial edges 84a, 84b of
protrusion 74 for ease in the folding of protrusion 74 to form layers 76a, 76b, 76c.
Sections 88a, 88b, 88c are formed to be substantially rectangular shaped, with notches
82a, 82b modifying the rectangular shape. Edges 84a, 84b each includes a notch 82a for
delimiting a fold line 86a for forming bend 76d and a notch 82b for delimiting a fold line
86b for forming bend 76e. Fold line 86a forms a radially outer edge of a first section 88a
that forms base layer 76a and a radially inner edge of a second section 88b that forms
intermediate layer 76b. Fold line 86b forms a radially outer edge of second section 88b
and a radially inner edge of a third section 88c, whose radially outer edge is formed by
free end 78. Before folding, sections 88a, 88b, 88c all extend in the same plane and form
a single flat planer piece. Protrusion 74 is folded at fold lines 86a, 86b such that an axial
facing surface of section 88b on a first side of protrusion contacts an axial facing surface
of section 88a on the first side of protrusion and an axial facing surface of section 88c on
a second side of protrusion contacts an axial facing surface of section 88b on the second
side of protrusion, with the first and second sides referring to the two opposite axial

facing sides of protrusion 74 before folding.

[0021] Fig. 2b shows a cross-sectional side view of protrusion 74 being folded at fold
lines 86a, 86b to begin forming bends 76d, 76e. Section 88b is angled with respect to

section 88a and section 88c is angled with respect to section 88b.

[0022] Fig. 2¢ shows a cross-sectional side view of protrusion 74 after bends 76d, 76e at
fold lines 86a, 86b are completed. Sections 88a, 88b, 88c are stacked on top of each
other as layers 76a, 76b, 76¢ with an axial facing surface of section 88b contacting an
axial facing surface of section 88a and an axial facing surface of section 88c contacting

an axial facing surface of section 88b. Sections 88a, 88b, 88c are now circumferentially
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and axially aligned with each other and extending parallel to each other. More
specifically, base section 88a remains in place and the other sections 88b, 88¢ are folded
to axially align with base section 88a. Next, threaded hole 80 is formed to pass axially

through sections 88a, 88b, 88¢ to form lug 64.

[0023] Figs. 3a to 3d illustrate a method of forming a lug in accordance with another
embodiment of the present invention. Fig. 3a shows a plan view of a protrusion 174,
before any folding thereof, protruding radially away from an outer circumference 175 of
a drive plate 154. Protrusion 174 includes three sections 188a, 188b, 188c¢ and an
optional fourth section 188d, which may be provided in addition to sections 188a to 188c¢
or as an alternative to one of sections 188b, 188c. A base section 188a protrudes radially
from outer circumference 175. A second section 188b protrudes tangentially from a first
circumferential side of base section 188a and a third section 188c protrudes tangentially
from a second circumferential side of base section 188a opposite second section 188b
such that sections 188a, 188b, 188c are circumferentially aligned with each other. Fourth

section 188d protrudes radially outward from base section 188a.

[0024] For ease in the folding, at a fold line 186a delimiting a border between sections
188a, 188b, notches 182a are provided at a radially inner edge and a radially outer edge
and at a fold line 186b delimiting a border between sections 188a, 188c, notches 182b are
provided at a radially inner edge and a radially outer edge. Similarly, at a fold line 186¢
delimiting a border between sections 188a, 188d, notches 182¢ may be provided at
circumferential edges. Protrusion 174 is folded at fold lines 186a, 186b and optionally
fold line 186¢ such that an axial facing surface of one of section 188b or section 188c on
a first side of protrusion contacts an axial facing surface of section 188a on the first side
of protrusion and an axial facing surface of the other of section 188b or section 188¢ on
the first side of protrusion contacts an axial facing surface of the one of section 188b or
188c on the second side of protrusion, with the first and second sides referring to the two
opposite axial facing sides of protrusion 174 before folding. Section 188d may be folded
such that an axial facing surface of section 188d on the first side of protrusion 174

contacts the axial facing surface of section 188a on the first side of protrusion 174, the
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axial facing surface of section 188b on the second side of protrusion 174, or the axial

facing surface of section 188c on the second side of protrusion 174.

[0025] Fig. 3b shows a cross-sectional side view of protrusion 174 being folded at fold
lines 186a, 186b to begin forming bends 176d, 176e. Section 188b is angled with respect

to section 188a and section 188c¢ is angled with respect to section 188a.

[0026] Fig. 3¢ shows a plan view of protrusion 174 after bends 176d, 176d at fold lines
186a, 186b are completed and a threaded hole 180 is added and Fig. 3d shows a cross-
sectional side view of protrusion 174 along A-A in Fig. 3¢. Sections 188a, 188b, 188c¢
are stacked on top of each other as layers with an axial facing surface of section 188b
contacting an axial facing surface of section 188a and an axial facing surface of section
188c contacting an axial facing surface of section 188b. Sections 188a, 188b, 188c are
now circumferentially and axially aligned with each other and extending parallel to each
other. Threaded hole 180 is formed to pass axially through sections 188a, 188b, 188c to
form the lug.

[0027] Fig. 4 illustrates a method of forming a lug in accordance with another
embodiment of the present invention. Fig. 4 shows a plan view of a protrusion 274,
before any folding thereof, protruding radially from an outer circumference 275 of a drive
plate 254 and extending tangentially with respect to outer circumference 275. Protrusion
274 is provided with notches 282a, 282b on radially inner and outer tangentially
extending edges 284a, 284b of protrusion 274 for ease in the folding of protrusion 274 to
form three different layers, with edge 284a being radially outside of edge 284b. Edges
284a, 284b each include a notch 282a for delimiting a fold line 286a for forming a first
bend and a notch 282b for delimiting a fold line 286b for forming a second bend. Fold
line 286a forms an edge of a first section 288a that forms a base layer and a first edge of a
second section 288b that forms an intermediate layer. Fold line 286b forms a second
edge of second section 288b and a first edge of a third section 288c, whose second edge
is formed by a free end 278 of protrusion 274. First section 288a protrudes radially
outward from outer circumference 275, then protrusion 274 juts tangentially to outer

circumference 275 to form sections 288b, 288c. Protrusion 274 is folded at fold lines
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286a, 286b such that an axial facing surface of section 288b on a first side of protrusion
contacts an axial facing surface of section 288a on the first side of protrusion and an axial
facing surface of section 288c on a second side of protrusion contacts an axial facing
surface of section 288b on the second side of protrusion, with the first and second sides
referring to the two opposite axial facing sides of protrusion 274 before folding, one of
which is shown in Fig. 4. Then, after sections 288a, 288b, 288c are stacked on top of
each other to form layers, a threaded hole is formed to pass axially through sections 288a,

288b, 288c¢ to form the lug.

[0028] Fig. 5 illustrates a method of forming a lug in accordance with another
embodiment of the present invention. Fig. 5 shows a plan view of a protrusion 374,
before any folding thereof, protruding radially from an outer circumference 375 of a drive
plate 354 and including sections 388a to 388c extending radially outward from outer
circumference 375 of a drive plate 354 and including a section 388d extending
tangentially with respect to outer circumference 375 from base section 388a. More
specifically, an intermediate section 388b protrudes radially from an outer radial edge of
base section 388a, a radially outer section 388c¢ protrudes radially from an outer radial
edge of intermediate section 388b and tangentially extending section 388d protrudes
tangentially from a radial edge of base section 388a. For ease in the folding, at a fold line
386a delimiting a border between sections 388a, 388b, notches 382a are provided at
radial edges of protrusion 374 and at a fold line 386b delimiting a border between
sections 388b, 388c, notches 382b are provided at radial edges of protrusion 374.
Similarly, at a fold line 386¢ delimiting a border between sections 388a, 388d, notches
382c¢ may be provided at radially inner and outer edges of section 388d. Protrusion 374
may thus be folded at fold lines 386a, 386b, 386¢ to fold sections 388a to 388d into four
layers such that at least one axial facing surface of each section 388a to 388d contacts an
axial facing surface of another of section 388a to 388d. Then, after sections 388a to 388d
are stacked on top of each other to form layers, a threaded hole is formed to pass axially

through sections 388a to 388d to form the lug.

[0029] Fig. 6 illustrates a method of forming a lug in accordance with another

embodiment of the present invention. Fig. 6 shows a plan view of a protrusion 474,
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before any folding thereof, protruding radially from an outer circumference 475 of a drive
plate 454 and including sections 488a, 488b extending radially outward from an outer
circumference 475 of a drive plate 454 and including sections 488c, 488d extending
tangentially with respect to outer circumference 475 from base section 488a. More
specifically, an intermediate section 488c¢ protrudes tangentially from a radial edge of
base section 488a, a tangentially outer section 488d protrudes tangentially from a radial
edge of intermediate section 488c and a radially extending section 488b protrudes
radially from an outer edge of base section 488a. For ease in the folding, at a fold line
486a delimiting a border between sections 488a, 488b, notches 482a are provided at
radial edges of protrusion 474. Additionally, at a fold line 486b delimiting a border
between sections 488a, 488c, notches 482b are provided at inner and outer edges of
protrusion 474 and at a fold line 486¢ delimiting a border between sections 488c, 488d,
notches 482c¢ are provided at inner and outer edges of section 488d of protrusion 474.
Protrusion 474 may thus be folded at fold lines 486a, 486b, 486¢ to fold sections 488a to
488d into four layers such that at least one axial facing surface of each section 488a to
488d contacts an axial facing surface of another of section 488a to 488d. Then, after
sections 488a to 488d are stacked on top of each other to form layers, a threaded hole is

formed to pass axially through sections 488a to 488d to form the lug.

[0030] In the preceding specification, the invention has been described with reference to
specific exemplary embodiments and examples thereof. It will, however, be evident that
various modifications and changes may be made thereto without departing from the
broader spirit and scope of invention as set forth in the claims that follow. The
specification and drawings are accordingly to be regarded in an illustrative manner rather

than a restrictive sense.
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WHAT IS CLAIMED IS:

1. A method of forming a drive plate for a torque converter comprising:

folding a portion of the drive plate into a plurality of sections stacked to form
aligned layers; and

providing a hole through the layers to form a lug for connecting the drive plate to

an engine.

2. The method as recited in claim 1 wherein, before the folding, the portion is a

protrusion extending radially from an outer circumference of the drive plate.

3. The method as recited in claim 1 wherein the portion includes at least three sections

that are folded to form at least three layers.

4. The method as recited in claim 1 wherein, after the folding, the layers are
circumferentially and axially aligned with each other and extending in different planes

parallel to each other.
5. The method as recited in claim 1 wherein the sections include a base section abutting
an outer circumference of the drive plate and other sections connected to the base section,

the other sections being folded to axially align with the base section.

6. The method as recited in claim 5 wherein, before the folding, the other sections each

extend either tangentially or radially from the base section.

7. The method as recited in claim 1 further comprising forming the drive plate to

includes a pilot at a radial center thereof.

8. The method as recited in claim 1 further comprising fixing the drive plate to a front

cover of the torque converter.

10
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9. A torque converter comprising:

a front cover; and

a drive plate connected to the front cover and configured for connecting to an
engine, the drive plate including a plurality of sections stacked to form aligned layers, the

layers including a hole passing therethrough.

10. The torque converter as recited in claim 9 wherein the drive plate includes a pilot at a

radial center thereof.

11
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