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(57) Abregée/Abstract:
A method and tool for producing a flow formed part are disclosed, wherein the tool has an annular array of spline forming recesses

for producing a flow formed part having splines and machining and production costs are minimized and efficiency Is maximized.
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Abstract

A method and tool for producing a flow formed part are
disclosed, wherein the tool has an annular array of
spline forming recesses for producing a flow formed part

having splines and machining and production costs are

minimized and efficlency 1s maximized.
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TT,0W FORMED SEPLINE AND DESLGEHN
SUITTARLE FOR BURR FREE MACHINING

FIELD OF THE INVENTION

-

The invention. relates to a toeool, and more
particularly to a tool having an annular array of spline

forming recesses for producing a flow formed part, and a

method of using same.

e

‘BACKGROUND OF THE INVENTION

Flow forming is a process used to produce a formed
metal part. Flow forming is the use of metal forming
lathes to extrude a blank or a preform prepared from a
desired material into the formed metal part. Flow forming
provides the features traditionally provided by a
stamping process while providing the additional benefits
of improved dimensional capabilities, work hardening up
to three—times.ﬁhe desired material properties, and the
ability to use the part after formation with limited or
no additional machiﬁing required.

Typical fiow formed parts include géars, clutch
drums, and other similar parts that may include splines.
The formation of parts having closed ended splines has
presented a problem wherein a tool used to form the part
and a subseguent process used to trim or machine the part
results in undesirable burrs and other surface flaws on

the formed part. Therefore, the cost of production and



CA 02620632 2008-07-25

the overall efficiency of the process utilizing the part
are adversely atffected.

It would be desirable to produce a tool for forming
a splined part, which minimizes machining and productilon

costs for making splined parts and maximizes efficiency.

SUMMARY OF THE INVENTTON

Congruous and concordant with the present
invention, a tool for producing a splined part which
minimizes machining and production costs and maximizes

efficiency, has been discovered.

According to an aspect of the present invention,
there 1s provided a tool for producing a flow formed
part comprises a main pbody having a filrst end and a
second end, the first end adapted to abut a blank
prepared from a flowable material; and an annular
array of spline forming recesses formed 1ntermediate
the first end and the second end of said main body,
salid spline forming recesses 1ncluding an outlet at
one end thereof, the outlet facilitating the flow of a
portion of the flowable material therethrough during a
flow forming process thereby producing a protuberant
pOrtion.

According to another aspect of the present
invention, there 1s provided an apparatus for
producing a flow formed part comprises a dle having a
main body including a first end, a second end, and an
annular array of recesses i1ntermediate the first end
and the second end, each having an outiet formed at an
end thereof, the first end adapted to abut a blank
formed of a flowable material, wherein the outlets
facilitate the flow of a portion of the flowable
material therethrough during a flow formling process;
and a pressure plate adapted to receive a portion of
the first end of said die, wherein said die 1s axially
fixed to salid pressure plate and said die and the
blank are adapted to axially rotate with said pressure

plate.
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According to a further aspect of the present
invention, there is provided a method of producing the
flow formed part comprises tThe steps of providing a
plank formed of a flowable material; providing a tool
having a first end and a second end, the first end
adapted to abut the blank, the tool having an annular
array of recesses formed intermediate the first end
and the second end, the recesses including an outlet
formed at one end thereof; positioning the first end
of the tool adjacent the blank; applying pressure to
the blank to cause the material of the blank to flow
into the recesses of the tool to form a part having a
plurality of splines, at least a portion of the
material flowing through the outlet of the recesses
forming a protuberant portion on the splines of the
part; and removing the protuberant portion from the

splines of the part.

BRIEE D

L+l

i N

oCRIPTION _OF THE DRAWINGS

The above object and advantages of the invention
will become readily apparent to those skilled in the
art from reading the attendant description of the
invention when considered in the light of the attached
drawings, 1n which:

Fig. 1 is a perspective view of a tool used to

produce a splined part according to the prior art;

.

Fig. 2 is a perspective view of a splined part

produced using the tool shown in Fig. 1 according to the
rior art;
Flg. 3 is an enlarged fragmentary view of a spline

of the part illustrated in Fig. 2 according to the prioxr

aArtT;

Fig. 4 is a perspective view of a flow forming
apparatus including the tool of Fig. 1, a blank, a

plurality of rollers, and a pressure plate according to

the prior art;
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Fig. 5 1s a perspective view of a tool according to

" an embodiment of the invention;

Fig. 6 1s an enlarged fragmentary view of a spline

produced with the tool illustrated in Fig. 5 and prior

to a machining step to remove flowed material; and
Fig. 7 is an enlarged fragmentary view of the
spline illustrated in Fig. 6 and after the machining

step to remove flowed material.

A e — ————— e —

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description and appended
dréwings describe and illustrate exemplary embodiments
of the invention. The description and drawings serve to
enable one skilled in the art to make and use the
iﬁvention, and are not intended to limit the scope of
the invention in any manner. In respect of the methods
disclosed and illustrafed, the steps presented are
exemplary in nature, and thus, the order of the steps is
not necessary or critical.

Fig. 1 shows a tool 10 of the prior art. The tool
10 can be any conventional tool such as a tool for
producing a clutch drum, for example. The tool 10
includes a first end 12 and a second end 14. The first
end 12 bf the tool 10 includes a stem 20 extending
therefrom adapted to be inserted into an aperture 30 of
a blank 32 (shown in Fig. 4) prepared from a desired
material. It is understood that the stem 20 may be an
integrally formed portion of the tool 10 or separately
formed and attached to the tool 10, i1if desired. Any
conventional deformable material can be used to prepare
the blank 32 such as steel, a steel alloy, titanium, or

aluminum, for example. Fig. 4 shows the blank 32 as an

annular ring, however it is understood that the blank 32
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may- have any shape such as round, for example, as

desired. An exterior of the tool 10 has an annular array

of spline forming recesses 16 formed therein

intermediate the first end 12 and the second end 14. The
spline forming recesses 16 have sharp corners 18 or

fillets.
The flow formed part 22 of the prior art is formed

from the blank 32 using the tool 10 shown in Fig. 2. The
flow formed part 22 of the prior art includes én annular
array of splines 24 having sharp corners 26 or fillets
fTormed at an outer edge 28 of the flow formed part 2Z2.
Any conventional deformable méterial can be used to form
the flow formed part 22 such as steel, a steel alloy,
titanium, copper, for example. It is understood that the

flow formed part 22 may be any part adapted to transfer

rotational motion from a first rotating member to a
second rotating member, such as é gear, for example.

The process to form the flow formed part 22 is a
multi-step process. First, the blank 32 is formed by
punching, cutting, or. shearing the blank 32 from a stock
of material to a predétermined shape. The blank 32 is
then-di8posed in a flow forming apparatus 40. The
apparatus includes the tool 10, the blank 32, a
plurality of rollers 33, and a pressure plate 34. The
tool 10 1s a male die portion to the female formed part
22, Tt is understood that the tool 10 mayjbe a-male die,
a female dlie, or a die with both male and female die
portions. The pressure plate 34 includes a bearing plate
35, a stem 37 slidably disposed through an aperture (not
shown) in the bearing plate 35, an annular shoulder 37
having a cavity 41 adapted to receive at least a portion

of the stem 20 of the tool 10, and a hYdraulic cylinder

(not shown) adapted to apply a force on the stem 37 to

cause 1t to slidably reposition. It is understood that
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the hydraulic cylinder may be any means of providing a

force to slidably position the stem 37 of the pressure
plate 34. The blank 32 is disposed on the stem 20 of the
tool 10 with the stem 20 positioned through the aperture
30 of the blank 32. The stem 20 of the tool 10 and
pressure plate 34 are slidably positioned such that the
stem 20 of the tool 10 is received by the cavity 41

. formed in the annular shoulder 39.-The tool 10 and
pressure plate 34 are then clamped together such that
the blank 32 is disposed between the first end 12 of the

tool 10 and the annular shoulder 39 of the pressure
plate 34, The tool 10, the blank 32, arnd the stem 37 are
then caused to axially rotate relative to the bearing

plate 35 while  the hydraulic cylinder applies a constant

pregssure on the stem 37 to maintain a position of the
pressure plate 34 and tool 10 during a flow forming
operation. Next, the rollers 33 are caused to apply
pressure to the blank 32 to deform the blank 32 and
cause the blank 32 to flow into the spline forming
recesses 16 formed in tﬁe tool 10, As the pressure on
the blank 32 caused by the rollers 33 increaseé, the

temperature of the blank 32 increases and the blank 32

becomes more malleable to facilitate the flow of the
material that forms the blank 32 into the spline forming
recesses 16 of the tool 10. The pressure applied to the
blank 32 may vary depending upon the size of the splines
24 being formed, a thickness of the blank 32 used to

r—
p—r

form the flow fonmed part 22, and properties of

equipment used to form the flow formed part 22.
Additioﬁally, NOo outle£ is provided on the tool 10 to
permit relief of excess material from the blank 32
flowing therethrough. Once the material has been caused
to f£ill the spline forming recesses 16, the tool 10 is

removed from the flow formed part 22 resulting in a part
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having an annular array of splines 24 formed therecn, as

illustrated in F1g. Z2.

Fig. 5 shows a tool 50 according to an embodiment
of the invention. The tool 50 can be any conventional
tool such as a tool for making a clutch drum, a drive
shell, -a slip spline, or other tool having splines, for
example. The tool 50 includes a first end 52 and a
second end 54. Similar to the tool 10 shown in Fig. 1,
the first end 52 of the tool 50 I1ncludes a stem 56

projecting therefrom adapted to be inserted into an

aperture of a blank (not shown) prepared from a desired
material. It is understood that-the stem 56 may be an
integrally formed portion of the tool 50 or separately
formed and attached to the tool 50, 1f desired. Any
conventional material may be used to form the blank such
as steel, a steel alloy, or aluminum, for example.

Simllar to the:blank 32 shown in Fig. 4, the blank used

in the present invention may be an annular ring or may
have any shape such as round, for example, as desired.

An exterior of the tool 50 has an annular array of

spline forming recesses 58 formed therein intermediate
the first end 52 and the second end 54. The spline

forming recesses 58 include an outlet 60 formed at a

first end 62 thereof. A rounded corner 64 is formed on
cach side of the outlet 60. In the embodiment shown in
Fig. 5, the outlet 60 has a decreasing pitch to form a
wedge shéped protuberant portion 68 on the part to be
formed, as illustrated in Fig. ©6. However, it is
understood that the outlets 60 may form aﬁy shape with
any pitch which is desired on the part to be produced
such as triangular and rectangular, for example.
Similar to the flow formed part 22 of the prior art
as particularly illuétrated in Fig. 2, the part formed

using the tool 50 includes -an annular array of splines.
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66. As shown in Fig. 6 the splines 66 have rounded

corners 72 formed at an outer edge 71 of the part. Any

conventional material can be used to form the part such

as steel, a steel alloy, or aluminum, for example. In

the embodiment shown in Fig. 6, the part may be a gear

or any other part adapted to transfer rotatilonal motion

from a first rotating member to a second rotating

member.

The process to form the part is a multi—step

process. First, the blank is formed by punching,

”

cutting, or shearing the blank from a stock of material

to a predetermined shape. The blank is then disposed in
a flow forming apparatus (not shown) that includes the
tool 50, the blank, a plurality of rollers (not shown},
and a pressure plate (not shown) similar to the |
apparatus 40 illustrated in Fig. 4. The pressure plate
includes a bearing plate (not shown), & stem (not shown)
slidably disposed through the bearing plate (not shown),
an annular shoulder (not shown) having a cavity (not

p—

shown) adapted to receive at least a portion of the stem

56 of the tool 50, and a-hydraulic cylinder (not shown)
adapted to apply a force on the stem to cause it to

slidably reposition. It is understood that the hydraulic
cylinder may be any means of providing a, force to
slidably position the stem of the bressure plate. The
blank is then disposed on the stem 56 of the tool 50
with the stem 56 positioned through the aperture of the
blank. The stem 56 of the tool 50 and pressure plate are
slidably positioned such that the stem 56 of the tool 10
is received by the-cavity formed in the annular
shoulder. The tool 50 and pressure plate are then
clamped together such that the blank is disposed between -
the first end 52 of the tool 50 and the annular shoulder

of the pressure plate. The tool 50, blank, and stem of
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the pressure plate are then caused to axially rotate

relative to the bearing plate while the hydraulic

cylinder applies a constant pressure on the stem of the
pressure plate to maintain an axial position of the
pressure plate and tecol 50 during a flow forming
operation. Next, the rollers are caused to apply
pressure to the blank to deform the blank and cause the
blank to flow into the spline forming recesses 58 formed

in the tool 50. As the pressure on the blank caused by

the rollers increases, the temperature of the blank
increases and the blank becomes more malleable to

facilitate the flow of the material that forms the blank

-

1nto the spline forming recesses 58 of the tool 50.

Fxcess material caused to flow into the spline forming

recesses 58 is permittéd to escape the spline forming
recesses 58 through the outlets 60. The rounded corners
64 facilitate the flow of material and direct the
material towards the outlets 60, and militate against

The formation of burrs or other surface defects on the

produced part. The pressure applied to the blank wvaries

depending upon the size of the splines 66 being formed,

a thickness of the blank used to form the part, and

properties of the eguipment used to form the part.

- Once the material has been caused to fill the
spline forming recesses 58, the tool 5C is separated
from the part resulting in a part having an annular

array of splines 66, as illustrated in Fig. 6, formed

thereon. A protuberént portion 68 extends outwardly

from a first eﬁd 70 of each of the splines 66. A rounded

edge 72 1s formed on each side of the protuberant
portion 68. The protuberant portion 68 extending from
each of the splines 66 is removed by any conventional
machining process to result in the spline 66

illustrated in Fig: 7. The rounded edges 72 remain on
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the spline 66' and militate against the formation of
burrs or other surface defects on the splines 66" during
use of the pact.

A benefit of the tool 50 according to the present
invention 1s the formation of splined parts having
rounded edges 58 such that burrs produced during the

subsequent machining reguired to produce the finished

part are minimized or substantially eliminated.
Additionally; because the tool 50 provides an outlet 60

that facilitates a flow of excess material from the

spline forming recesses 58, pressure caused by the
material on the tool 60 is minimized, thereby extending

the working life of the tool 50.

From the foregoing description, one ordinarily
skilled in the art can easily ascertain the essential
characteristics of this invention and the scope of the
claims should not be limited by the preferred
embodiments set forth in the examples, but should be

given the broadest interpretation consistent with the

description as a whole.

10
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIV]
PROPERTY OR PRIVILEGE 1S CLAIMED ARE DEFINED AS FOLLOWS:

4

1. A tool for producing a flow formed part comprising:

a maln body having a first end and a second end,
the first end adapted to abut a blank prepared from a
flowable material; and

an annular array of spline forming recesses formed
intermediate the first end and the second end of said
main body, said spline forming recesses includlng an
outlet at one end thereof, the outlet facllitating the
flow of a portion of the flowable material therethrough
during a flow forming process thereby producing a
protuberant portion, wherein the outlet has a wedge, and

wherein said recesses further include rounded

corners adjacent the outlets.

2. The tool of Claim 1, whereln sald main body
includes a stem extending therefrom adapted to be

received by an aperture 1n the blank.

3. The tool of Claim 1 or 2, wherein the flowable

material 1s steel, a steel alloy, or aluminun.

4, The tool of any one of Claims 1 to 3, wherein the

blank 1s an annular ring.

5. An apparatus for producing a flow formed part
comprising:

a die having a main body including a first end, a
second end, and an annular array of recesses intermediate
the first end and the second end, each having an outlet
formed at an end thereof, the first end adapted to abut a
blank formed of a flowable material, wherein the outlets
facilitate the flow of a portion of the flowable material

therethrough during a flow forming process; and

11
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a pressure plate adapted to recelve a portion of
the first end of said dile, wherein said die 1s axially
fixed to said pressure plate and said die and the blank

are adapted to axially rotate with a portion of said

pressure plate,
whereln the outlet has a wedge shape, and

wherein the recesses further i1nclude rounded

corners adjacent the outlets.

6 . The apparatus of Claim 5, wherein the outlet has a

substantially rectangular cross-sectional shape.

7. The apparatus of Claim 5 or 6, wherein said die
includes a stem extending therefrom adapted to be

received by an aperture in the blank and fixed to said

pressure plate.

3 . The apparatus of any one of Claims 5 to 7, whereiln

the flowable material is steel, a steel alloy, titanium,

Or aluminum.

12
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