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UNITED STATES

PATENT OFFICE.

OSCAR J. BEALE, OF PROVIDENCE, RHODE ISLAND, ASSIGNOR TO THE
BROWN & SHARPE MANUFACTURING COMPANY, OF SAME PLACE.

DEVICE FOR GENERATING GEAR-TEETH.

SPECIFICATION forming part of Letters Patent No. 616,648, dated December 27, 1898.
Appliéation filed February 25, 1898, Serial No. 671,568; (Mo model)

To all whom it may conceri:

Be it known that I, OSCAR J. BEALE, of the
city and county of Providence, in the State of
Rhode Island, have invented a certain new
and useful Device for Generating Gear-Teeth;
and I do kereby declare the following specifi-
cation, takendin connection with the accompa-
nying drawings, forming a partof thesame, to
be a full, clear, and exact description thereof.

The present invention is based upon the
principle that if two pitch-surfaces be rolled
together without slip a tooth upon one surface
willdevelop or generate a tooth upon the other
piteh-surface, which is conjugate to the gen-
erating-tooth; and it consists in a generator
having a series of edges or points so arranged
with relation to the pitch-surface that they
will remove the surplus stock on the blank-
teethand reduce the teeth to the correct shape
by the rolling together of the pitch-surfaces
of the blankand generator. Asthepitch-sur-
faces of the blank and generator are rolled
together, each edge or point of the generator
removes a portion of the surplus stock on the
blank and forms a conjugate line or point on
the surface of a tooth of the blank. Thus
line by line or point by point the surfaces of
the teeth upon the blank are developed or
generated by the action of successive edges
or points upon the generator. The edges or
points on the generator correspond to lines or
points in the tooth-surfaces of a gear conju-
gate to the gear to be generated, and in order
that the edges or points of the generator,
which act successively upon the same tooth
of the blank, may remove the surplus stock
at varying points upon the tooth-surface the
location of the edges or points with relation
to the piteh-surface of the generator is varied.

The generator is preferably in the form of
a gear, and the edges or points may be formed
by cutting away or removing portions of the
tooth-surfaces of the gear. The arrangement
and character of the edges or points may be
varied as desired without departing from the
invention. Thus a series of edges or points
may be formed upon the same tooth-surface,
if desired, and these edges or points may be
so arranged that the surfaces of the tooth be-
come in effect abrading-surfaces. Insuch a

case a tooth upon the generator will generate

a conjugate tooth upon the blank, the edges
or points upon a single tooth acting suceces-
sively upon the surface of a tooth upon the
blank as the pitch-surfaces roll together and
cutting away or abrading the surplus stock.
‘Again, a single edge or line of points may be
formed upon each tooth-surface. In thiscase
as the pitch-surfaces roll together an edgc or
series of points upon the generator will gen-
erate aline upon a tooth-surface of the blank,
andthenumber of teethin the generatorandin
the blank should be so proportioned that each
generator-tooth will act upon a different tooth
in the blank at each revolution of the genera-
tor until every tooth of the blank has been en-
gaged by every tooth of the generator and has
therefore been acted upon successively by all
the cutting edges or points upon the genera-
tor. In this case, as well as where a series of
edges or points are formed on a single tooth
of the generator, the generator may be so
formed that it may act to drive the blank or
be driven thereby while the blank-teeth are
being reduced to the correct form, and it is
preferred to so construct the generator that
ltmay thus drive the blank. If desired,how-
ever, the surfaces of the generator-teeth may
be so cut away that the generator will not act
as a driver, in which case mechanism must
be used for producing the proper rolling mo-
tion between the pitch-surfaces of the blank
and generator. . ‘ ’

The invention may be used in the manu-
facture of any form of gearing, but is espe-
cially useful in the manufacture of bevel-
gearing in which the curvature of the tooth-
surfaces changes from one end of a tooth to
the other and which cannot therefore be ac-
curately cut in the usual way, but require
filing and fitting before they will run prop-
erly.

In the application of ihe invention to the
manufacture of bevel-gearing the pitch-cone
of the generator may be varied and the edges
or points of the generator may be arranged
to develop any desired form of teeth upon the
blank; but it is preferred to use a generator
in the form of a erown-gear and to so arrange
the edges or points that they correspond to
edges or points in the surfaces of teeth hav-
ing plane surfaces, since such surfaces may
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be readily and accurately cut, and the gears
which are formed by such a generator will
accurately run with each other and form an
interchangeable set.

Referring to the drawings, Figure 1 is a
diagrammatic view indicating two forms of
generators and the manner in which they op-
erate upon the gear-blank. Fig. 21is a per-
spective view of a preferred form of genera-
tor for generating the teeth of bevel-gears.
Fig. 3 is an end elevation of a modified form
of generator. Fig. 4is a detail showing a
portion of a modified form of generator, and
Fig. 4* is a detail of the tooth provided with
a series of points. TFig.-5 is a plan view of
so much of a milling-machine as isnecessary
to show one manner of using the generator.

In Fig. 1, A represents a portion of a gen-
erator in the form of a spur-gear having a
series of edges @, arranged in varying rela-
tion to the pitch-surface of the generator.
These edges ¢ are formed by cufting away
portions of the surface of the gear-teeth, and

. a.series of edges are formed upon each tooth-

surface, so that said surfaces become sub-
stantially filing orabrading surfaces. B rep-
resents a blank, the teeth D of which have
been roughed out to approximately the cor-
rect form. Asthe pitch-surfaces-of the blank
and generator roll together the edges ¢ upon
the generator, acting upon the teeth of the
blank, remove the surplus stock and reduce
the teeth to the correct form shown at ¢. D
in the same figure shows a similar generator
in the form of a rack, and it will be under-

stood that where the term ‘‘ gear” is used in.

the claims and specification it is intended to
include racks also. ,
In Fig. 2 is shown a preferred form of gen-
erator for forming the teeth of bevel-gears.
This generator is in the form of a crown-gear
E, which is the dividing-line between an ex-
ternal bevel-gear and an internal bevel-gear
and corresponds to the rackinspur-gearing—
that is to say, its pitch-surface is a plane
surface. The teeth e &' of the generator may
be of any desired shape, but are preferably
truncated wedges in cross-section and their
surfaces plane surfaces, as this form of teeth
may be eonveniently and accurately cut.
The generating edges may be formed upon
the generator in any desired manner; but it
is preferred to form a series of edges d upon
each surface and to convert the surfaces of
the teeth into substantially file-surfaces,
which will act to abrade or cut away the sur-
plus stock of the blank by an action similar
to the action of a file. The edges are pro-
dunced by removing portions of the surfaces
of the teeth, and the direction of these edges
in relation to the pitch-surface may, and
preferably does, vary upon different teeth.
The edges may be subdivided by grooves, so
that said edges become, substantially, points
f, as shown in Fig. 4%, and the surfaces of
the teeth are formed by a number of points
arranged in varying relation with the pitch-

surface. In the generator shown the edges
d are formed by cutting a series of grooves
in the surfaces of the teeth at varying dis-
tances from the _piteh - surface, and said
grooves are parallel to the base of the teeth
upon alternate teeth e’ and parallel to the
tops of the teeth upon the other tooth e.
When the pitch-surface of this generator rolls
upon the pitch-surface of a blank, the teeth
of which have been roughed, the edges or
points upon each tooth act successively upon

the surface of a blank-tooth, and thus the -

surfaces of the blank-teeth are reduced to the
correct shape conjugate to the surfaces of
teeth of the generator by the cutting or abrad-
ing action of the generating-surfaces.

' Instead of generating the surface of a blank-
tooth by a series of edges or points upon the
same surface of a generator-tooth the surface
of a tooth on the blank may be generated by
the action of a series of surfaces of different
teeth of the generator and the number of edges
upon the same tooth-surface may be reduced
to a single edge, if desired. In Fig. 3 is
shown one form of such generator. In this
view the generator is shown in the form of a
bevel-gear G, having varying portions of its
teeth g removed to form edges g’, which lie
in the surfaces of the gear-teeth. The dot-
ted lines indicate the outline of the portions
of the teeth which are removed. The por-
tions of the teeth remaining are preferably
so related to each other that the edges upon
every tooth are in a different relation to the
pitch - surface from the edges upon every
other tooth. It is also preferred to so cut
away the teeth that any tooth having the
greater portion cut away will lie between two
teeth which are only slightly cut away, so
that there will always be at least one tooth
in mesh with the blank-teeth of sufficient
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height to drive said blank. With this form

of generator the number of teeth in the blank
should be so related to the number of teeth
in the generator that each tooth of the gen-
erator will in turn act upon each tooth of the
blank. Then at each revolution of the blank
one of the tooth-surfaces of the generator will
act upon a tooth-surface of the blank, and
the edges g’ upon that surface of the gener-
ator will remove a portion of the surplus
stock upon the blank-tooth and generate a
line upon the tooth -surface of the blank.
When the blank has made as many revola-
tions as there are teethin the generator, every
tooth-surface of the blank will have been
acted upon by an edge upon each of the teeth
of the generator, and the blank-tooth will be
generated, therefore, by generating a series
of lines upon the tooth-surfaces.

In case it is not desired to drive the blank
by the action of the generator-teeth the sur-
faces of the generator-teeth may be entirely
cut away, leaving only a series of edges.
fragment of such a generator is indicated in
Fig. 4, in which the dotted lines indicate the
form of tooth which is-conjugate to the teeth
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to be formed by the generator. In thisform
of generator the edges 7-are formed by cut-
ting away the tops of the teeth, and the sur-
faces of the teeth below the edges are also cut
away. The edgesarearranged invarying re-
lations to the pitch-surface, as in the other
forms of generators. The operation is the
same as the operation of the generator shown
in Fig. 3 so far as theaction of the edges upon
the blank is concerned; but the generator will
not act to drive the blank.

In Fig. 5 is shown one manner of using a
generator which isadapted todrive the blank.
In said figure, 1 represents the spindle of a
milling-machine. 'The generator$issecured
to an arbor 2, carried by the spindle 1, and a
gear-blank 3 is mounted to rotate freely upon
an arbor 4, secured to the support 5, carried
by the carriage 6. The carriage 6 isadjusted
to bring the axis of the blank 3 into proper
relation to the axis of the generator S, and
the teeth of the blank 3 are brought into mesh
with the teeth of the generator. Thespindle
now revolves, and the saddle 7 is gradually
fed forward until the pitch-surfaces of the
blank and generator are in contact. In case
a generator with teeth having abrading-sur-
faces is used a single revolution of the blank
after the pitch-surfaces are in contact will be
sufficient to finish the teeth of the blank; but
in case a generator is used in which the gen-
erating is done by the action of edges or
points located upon the different teeth of the
generator then the blank should make as
many revolutions after the pitch-surfaces are
in contact as there are teeth in the generator.

Instead of mounting the generator on the
spindle 1 the blank may be mounted thereon,
if desired, in which case the blank will act to
drive the generator.

What I claim as my invention, and desire
to secure by Letters Patent, is—

1. A device for generating gear-teeth pro-
vided with a series of edges or points corre-
sponding to lines or points in the tooth-sur-
faces of a gear, and arranged in varying rela-
tion to the pitch-surface of said gear, substan-
tially as described.

2. A device for generating gear-teeth pro-
vided with a series of edges or points corre-
sponding to lines or points in the tooth-sur-

faces of a bevel-gear, and arranged in vary-
ing relations to the piteh-surface of the gear;
substantially as described.

8. A device for generating gear-teeth in the
form of a gear having a series of edges or
points arranged in varying relation with the
pitch-surface, substantially as described.

4. A device for generating gear-teeth in the
form of a bevel-gear having a series of edges
or points arranged in varying relation to the
pitch-surface, substantially as described.

5. A device for generating gear-teeth in the
form of a erown-gear having a series of edges
or points arranged in varying relation to the
pitch-surface, substantially as described.

6. A device for generating gear-teeth in the
form of a gear having a series of edges or
pointsinthesame tooth-surface,substantially
as desecribed.

7. A devicefor generating gear-teeth in the
form of a gear having a series of edges or
points in each tooth-surface, the arrangement
of the edges or points varying upon alternate
teeth, substantially as described.

8. A device for generating gear-teeth in the
form of a gear having varying portions of the
tooth - surfaces removed to form edges or
points, substantially as described.

9. A device for generating gear-teeth in the
form of a gear provided with teeth having
abrading-surfaces,substantially as described:

10. A device for generating gear-teethin the
form of a gear provided with teeth having
plane abrading-surfaces, substantially as de-
scribed.

11. Adevicefor generating gear-teethinthe
form of a bevel-gear provided with teeth hav-
ing abrading-surfaces, substantially as de-
seribed,

12. Adeviceforgenerating gear-teeth in the
form of a crown-gear provided with teeth hav-
ing abrading-surfaces, substantially as de-
seribed.

13. A device for generating gear-teeth in the
form of a crown-gear provided with teeth hav-
ing plane abrading-surfaces, substantially as
desecribed.

OSCAR J. BEALR.

Witnesses:

R. A. BaTss,
V. H. THURSTON.
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