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Method and apparatus forming a helical spline gear with a stopper on a rotary shaft.

@ In a method of forming a helical spline gear
with a stopper on a shaft material, the large
diameter portion of the shaft material is clam-
ped between a pair of rolling tools each having
on the outer cylindrical wall a plurality of helical
teeth, and merging teeth which merge with
every other helical teeth, and the rolling tools
are driven to roll the shaft material under press-
ure, so that a plurality of helical grooves, and
ahead of the helical grooves, communicating
grooves communicated with every other helical
grooves, and stopper portions remaining be-
tween the communicating grooves are formed
on the large diameter portion in one rolling
operation. With this method, the number of
manufacturing steps can be reduced; that is,
the rotary shaft can be formed readily and
quickly.
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BACKGROUND OF THE INVENTION

This invention relates to a method and apparatus
for forming a helical spline gear with a stopper on a ro-
tary shaft, on which an object to be driven is mounted
through the helical splines so as to transmit torque,
produce axial thrust, position the object, and prevent
the latter from being coming off.

As disclosed by Japanese Utility Patent Applica-
tion (OPI) No. 53727/1980 (the term "OPI" as used
herein means an "unexamined published applica-
tion"), a helical spline gear with a stopper is formed on
the output shaft of a starter motor. The output shaft of
the starter motor is spline-coupled to the sleeve of the
clutch outer of the overrunning clutch so that the
sleeve is prevented from coming off axially outwardly
and held in place by the stopper.

An example of a conventional method of forming
a helical spline gear with a stopper on a rotary shaft
of this type will be described with reference to FIG. 4.
A steel rod or the like is formed by cold forging into a
shaft 1 to be processed (hereinafter referred to as "a
shaft material", when applicable) having a large diam-
eter portion 1a, a small diameter portion 1b, and a
stopper portion 2 as shown in FIG. 4A. A plurality of
grooves 2a (three grooves in the case of FIG. 4) are
formed in the stopper portion 2 at equal angular inter-
vals in a circumferential direction. Next, helical
grooves 3a, the number of which is twice the number
of grooves 2a (six helical grooves in the case of FIG.
4) are formed in the large diameter portion 1a in such
a manner that half of the helical grooves (three helical
grooves in the case of FIG. 4) are communicated with
the stopper grooves 2a, respectively. More specifical-
ly, the large diameter portion 1a of the shaft material
1 is setin place and clamped with a pair of component
rolling tools with helical teeth at equal angular inter-
vals in a circumferential direction. Under this condi-
tion, the pair of rolling tools are driven in the same di-
rections so that the shaft material 1 is rotated under
pressure. As a result, a rotary shaft 4 is formed which
has a helical spline gear 3 with helical grooves 3a the
number of which is twice that of the stopper grooves
(six helical grooves 3a in the case of FIG. 4). Every
other helical grooves 3a, i.e., half of the helical
grooves are communicated with the stopper grooves
2a, and the remaining helical grooves are extended to
the stopper portion 2.

In the case of a starter motor, the sleeve of the
clutch outer of the over-running clutch has helical
teeth in the inner cylindrical wall which are equal in
number to the stopper grooves 2a, and are movably
engaged with the stopper grooves 2a, respectively.
The helical teeth of the sleeve of the clutch outer are
engaged with the stopper grooves 2a of the rotary
shaft, and then moved past the stopper grooves 2a so
that they are disengaged from the latter 2a. Under this
condition, the clutch outer is turned as much as one
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pitch of the helical grooves 3a, and engaged with the
respective helical grooves 3a, and then pulled back
until the outer end of the helical teeth strikes against
the stopper portion 2. Thus, the clutch outer is pre-
vented from coming off the,shaft axially outwardly,
and is held in place.

Another example of the conventional method of
forming a helical spline gear with a stopper on a rotary
shaft will be described with reference to FIG. 5.

First, a steel rod or the like is formed into a shaft
material 5 by cold forging to be processed which, as
shown in FIG. 5A, has a large diameter portion 5a and
a small diameter portion 5b. Thereafter, as shown in
FIG. 5B, an annular groove 5c¢ is formed by machining
in the large diameter portion 5a at one side, thus form-
ing a stopper protrusion 6. The large diameter portion
5a with the stopper protrusion 6 is clamped with a pair
of component rolling tools having a plurality of helical
teeth. Under this condition, the pair of rolling tools are
driven in the same directions so that the shaft material
5 is rotated under pressure. As a result, as shown in
FIG. 5C, helical splines 7 with a plurality of helical
grooves 7a (six helical grooves in the case of FIG. 5)
are formed at equal angular intervals on the large di-
ameter portion 5a. Then, as shown in FIG. 5D, com-
municating grooves 8a are cut in the stopper protru-
sion 6 in such a manner that they are communicated
with every other helical groove 7a. The remaining por-
tions of the stopper protrusion 6 form stopper portions
8. Thus, a rotary shaft 9 has been formed which has
the helical splines 7 and the stopper portions 8.

The above-described conventional method of
forming a helical spline gear with a stopper on a rotary
shaft as shown in FIG. 4 suffers from a difficulty that,
in the component rolling process, it is difficult to accu-
rately position the teeth of the rolling tools and the
grooves 2a of the shaft material 1 to be processed rel-
ative to each other.

The conventional method shown in FIG. 5 is also
disadvantageous in that a relatively large number of
manufacturing steps are required to form the helical
splines 7 and the stopper portions 8, and it is rather
troublesome to form the stopper grooves 8a in such
a manner that they are communicated with every
other helical grooves 7a.

On the other hand, in the case of an epicyle re-
duction gear type starter motor, the output shaft has
a flange which serves as an epicyclic gear arm, the
method described with reference to FIG. 4 is not prac-
tical. That is, the flange of the output shaft obstructs
the cold forging operation shown in FIG. 4B.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to elim-
inate the above-described difficulties accompanying
a conventional method of forming a helical spline gear
with a stopper on a rotary shaft. More specifically, an
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object of the invention is to provide a method of form-
ing a helical spline gear with a stopper on a rotary
shaft which can be practiced without a positioning op-
eration, and in which, when compared with the con-
ventional method, the number of manufacturing steps
is reduced; that is, the rotary shaft can be formed
readily and quickly. Another object of the invention is
to provide an apparatus adapted to be used in the
method.

A method of forming a helical spline gear with a
stopper on a shaft material which has been preliminar-
ily processed, according to the present invention,
comprises the steps of: providing a pair of component
rolling tools, each having a plurality of helical teeth
formed thereon at equal intervals, and a plurality of
merging teeth formed thereon so that each merging
tooth is merged with every other helical tooth; clamp-
ing the shaft material between the pair of component
rolling tools; and driving the pair of component rolling
tools to roll the shaft material under pressure to form
a plurality of helical grooves, communicating grooves
communicated with every other helical grooves, and
stopper portions remaining between the communicat-
ing grooves on the shaft material.

An apparatus for forming a helical spline gear with
a stopper on a shaft material, according to the present
invention, comprises a pair of rolling tools adapted to
clamp the shaft material therebetween and roll the
shaft material under pressure, each of said rolling
tools having a plurality of helical teeth formed thereon
at equal intervals, and a plurality of merging teeth
formed thereon so that each merging tooth is merged
with every other helical tooth.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1A is a perspective view showing a pair of
component rolling tools employed in one example
of a method of forming a helical spline gear with
a stopper on a rotary shaft according to this inven-
tion;

FIG. 1B is an unfolding diagram showing the hel-
ical teeth of rolling rollers shown in FIG. 1A;
FIG. 2A and 2B are front views of essential por-
tions of a rotary shaft, for a description of the
method according to the invention, showing the
manufacturing steps in order;

FIG. 3 is a front view of essential portions of a ro-
tary shaft for a description of another example of
the method of the invention;

Figs. 4A and 4B are front views of essential por-
tions of a rotary shaft for a description of an ex-
ample of a conventional method of forming a hel-
ical spline gear with a stopper on a rotary shaft,
showing the manufacturing steps in order; and
Figs. 5A through 5D are front views of a rotary
shaft for a description of another example of the
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conventional method, showing the manufacturing
steps in order.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The FIG. 1A shows component rolling tools used
in an example of a method of forming a helical spline
gear with a stopper on a rotary shaft, which consti-
tutes a first embodiment of this invention.

In FIG. 1, reference numeral 10 designates a first
rolling roller for forming helical splines. A plurality of
helical teeth 10a (six helical teeth in the case of FIG.
1) are formed in the cylindrical wall at equal angular
intervals in a circumferential direction. Further in FIG.
1, reference numeral 11 designates a second rolling
roller for forming a stopper portions and communicat-
ing grooves therebetween. Merging teeth 11a are
formed on the cylindrical wall which merge with every
other helical tooth 10a. FIG. 1B is an unfolding dia-
gram showing the helical teeth 10a of the first rolling
roller 10 and the merging teeth 11a of the second roll-
ing roller 11.

The first and second rolling rollers 10 and 11 are
axially combined, for instance, with bolts, thus forming
a rolling tool 12. A pair of the rolling tools 12 thus
formed are employed. In the above-described em-
bodiment, the first and second rolling rollers 10 and 11
are formed separately. However, those rollers may be
formed as one unit, i.e. a single integral unit.

The method using the pair of rolling tools 12 thus
formed will be described with reference to FIG. 2A and
2B. First, as shown in FIG. 2A, a large diameter por-
tion 13a and a small diameter portion 13b are formed
on a shaft material 13 by cold forging which is to be
processed. If it is difficult to form those portions 13a
and 13b by cold forging because a flange is provided
at one end, then the portions may be formed by ma-
chining.

As shown in FIG. 1A, the large diameter portion
13a of the shaft material 13 is clamped between the
pair of rolling tools 12, and the rolling tools 12 are ro-
tated in the same direction, i.e. counterclockwise in
Fig. 1A, to roll the shaft 13. The distance between the
pair of rolling tools 12 is decreased with a force of de-
pression applied thereto so that a helical spline gear
with a stopper is formed on the shaft.

Thatis, helical splines 14 with a plurality of helical
grooves 14a (six helical grooves in the case of FIG.
2) therebetween, communicating grooves 15a which
are communicated with every other helical groove
14a, and stopper portions 15 remaining between the
communicating grooves 15a are formed as shown in
FIG. 2B. Thus, an aimed rotary shaft 16 having the
helical splines 14 and the stopper portions 15 has
been formed.

In the case where it is not suitable to employ the
above-described method because burrs are formed at
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the corners which are formed by the insides of the
stopper portions 15 and by the ends of the helical
grooves 14a during cold forging, the shaft material
should be processed as follows: That is, in manufac-
ture of a rotary shaft 18, as shown in FIG. 3, the large
diameter portion is machined to form an annular
groove 17 along the inside of the stopper portions 15.

In the above-described embodiments, the pair of
rolling tools are employed which have the helical teeth
10a and the merging teeth 11a; however, the inven-
tion is not limited thereto or thereby. That is, other roll-
ing tools may be employed which can roll the shaft
material to form the helical spline gear with the stop-
per on it in one rolling operation. For instance, a com-
ponent rolling tool in the form of a rack may be em-
ployed which has a plurality of helical teeth, and merg-
ing teeth which merge with every helical tooth. In this
case, too, with the large diameter portion of a shaft
material clamped between a pair of the rolling tools
thus formed, the latter are driven to turn the shaft un-
der pressure, to form a helical spline gear with a stop-
per on it.

As was described above, in the method of the in-
vention, the large diameter portion of the shaft mate-
rial is clamped between one pair of rolling tools each
having on the outer cylindrical wall a plurality of helical
teeth, and merging teeth provided ahead of the helical
teeth in such a manner that the merging teeth merge
with every other helical teeth, and the rolling tools are
driven to roll the shaft material under pressure, to form
on the large diameter portion a plurality of helical
grooves, and ahead of the helical grooves communi-
cating grooves communicated with every other helical
grooves, and stopper portions remaining between the
communicating grooves. That is, according to the in-
vention, a helical spline gear with a stopper can be
formed on the shaft in one rolling operation readily
and quickly.

Claims

1. A method of forming a helical spline gear with a
stopper on a shaft material which has been pre-
liminarily processed, said method comprising the
steps of:

(a) providing a pair of component rolling tools,
each having a plurality of helical teeth formed
thereon at equal intervals, and a plurality of
merging teeth formed thereon so that each
merging tooth is merged with every other hel-
ical tooth;

(b) clamping said shaft material between said
pair of component rolling tools; and

(c) driving said pair of component rolling tools
to roll said shaft material under pressure to
form a plurality of helical grooves, communi-
cating grooves communicated with every
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other helical grooves, and stopper portions re-
maining between said communicating
grooves on said shaft material.

The method according to claim 1, wherein said
step (a) includes the steps of:

providing a first rolling roller having a first
predetermined length and the plurality of said hel-
ical teeth formed at first equal angular intervals in
a circumference direction thereof;

providing a second rolling roller having a
second predetermined length and the plurality of
said merging teeth formed at second equal angu-
lar intervals in a circumference direction thereof;
and

combining said first and second rolling roll-
er with each other so that each merging teeth of
said second rolling roller is merged with every
other helical tooth of said first rolling roller, there-
by forming each component rolling tool.

The method according to claim 2, wherein said
step (c) includes rotating the pair of said compo-
nent rolling tools in the same direction and de-
pressing the pair of said component rolling tools
against said shaft material.

The method according to claim 1, further compris-
ing the step of
(d) forming an annular groove on said shaft
material along the inside of the stopper por-
tions.

The method according to claim 1, wherein each
of said pair of component rolling tools is in the
form of rack, said tools mutually movable relative
to each other to roll said shaft material under
pressure.

An apparatus for forming a helical spline gear with
a stopper on a shaft material, comprising:

a pair of rolling tools adapted to clamp said
shaft material therebetween and roll said shaft
material under pressure, each of said rolling tools
having a plurality of helical teeth formed thereon
at equal intervals, and a plurality of merging teeth
formed thereon so that each merging tooth is
merged with every other helical tooth.

The apparatus according to claim 6, wherein each
of said tools including a first rolling roller having
a first predetermined length and said helical teeth
formed at equal angular intervals in a circumfer-
ential direction, and a second rolling roller having
a second predetermined length and said merging
teeth which are merged with every other helical
tooth.
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8. The apparatus according to claim 7, wherein said
first and second rolling rollers are positioned in
place and combined with each other so that each
merging tooth is merged with every other helical
teeth. 5

9. The apparatus according to claim 7, wherein said
first and second rolling rollers are formed as a sin-
gle integral unit so that each merging tooth is
merged with every other helical teeth. 10

10. The apparatus according to claim 6, wherein each

of said pair of component rolling tools is in the

form of rack, said tools mutually movable relative

to each other to roll said shaft material under 15

pressure.
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