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Tn the cutting or generating of the teeth
of toothed gearing (including those wheels
which have single helical or double helical
teeth) and in the performing of like op-

5 erations wherein the work is fed to the cut-
ters or the cutters are fed to the work in
both a lateral and longitudinal direction and
wherein the cutting tools fill or approxi-
mately fill the cross sectional area of the

10 spaces which they cut (as for example in
carrying out the process or method, in which
- reciprocating cutters are made use of and in
which said cutters are moved crosswice of
the metal blanks, or discs that have to be

18 cut while said discs are revolving), I have

found that the actions of the cutters upon
said dises when cutting in the ordinary man-
ner or method as heretofore followed,
have the effect of forcing against or press-
ing in such a direction upon the sides of
the grooves which they are forming that
such jamming and other resistances are en-
countered as cause the bearings either of
the cutters or of the blanks to spring or
vield to an undesirable extent. My present

invention consists in - following such a

methed of cutting or generating said tooth-
profiles and in so using devices which enable

me to carry said method into effect, that I

avoid exercising any undesirable pressure
against the side or lateral surfaces of the
teeth which are being generated or of the
the space being cut with greater accuracy
as well as being enabled .to carry ocut the
cutbing operations with an increased feed
and therefore with a greater output of work
than is the case when cutting teeth by the
method heretofore followed. Iy method
may-be briefly said to consist in performing
the feeding operations by such relative move-

- ments that the major portion of the cut is

effected by the two cutting edges of each cut-
ter which’ respectively determine the depth
and.form one side of the cut (these edges

-being called the depth cutting) edge and the

leading cutting edges, while the other cutting
edge called the following edge is only re-
quired to perform minor cuts as when form-
ing the profile curve of a tooth.

In the carrying out of my invention in
connection with machines for generating the
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teeth of wheels in which the rotating of the
blank o1 the rolling of same is in the path
of a tangentially moving cutter which cut-
ter has also reciprocatory motion trans-
mitted to it, the depth cut is taken by the
depth cutting edge in step by step order,
while the generating cutting actions are ef-
fected by a continuously advancing tangen-
tial feed and to these two combined move-
ments I now add a third or differential move-
ment which T carry out simultaneously with
the step by step depth feed. :

An order to explain fully my invention I
hereinafter describe how I carry same into
effect by the uce of various well known types
or classes of machines which I arrange to
operate - according to my .said: invention.
These machines and parts are illustrated by
the accompanying sheets of drawings in
which :— : .

Fig. 1 is a side elevation of a machine of
known type for cutting (with rack cutters)
double helical teeth, said machine having
applied to it my improved mechanism.

Figs. 2 and 8 are a sectional plan and an
elevation showing my improved parts which
T add to the machine shown by Fig. 1.

Fig. 4 is also a side elevation of certain
parts of the machine shown by Fig. 1 but
as_scen from the opposite side thereof.

Fig. 5 is an clevation of the machine shown
by Fig. 1-when viewed in the direction from
left to right of said figure. o

Fig. 6 1s an elevation showing a modified
form of machine to which my invention is
applicable.

Fig. 7 is edge view of a portion of a wheel
chowing a double helical tooth.

Figs. 8 and 9 are diagrams showing the
progressive stages -of the cutting actions
when the cutter is acting under the old and
well known method of cutting and when no
other motion than the cutting motions are
being performed. '

Higs. 10 and 11 are similar diagrams to
Figs. 8 and 9 and are made to show the
stages or progress and direction of the stages
followed under my new method of producing
the teeth desired.

Fig. 12 shows a blank and a rack cutter
in-relative positions just prior to the com-
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mencement of the cutting operations to form
the teeth of the shape shown in broken lines
on the blank.

Fig. 13 is a similar view to Fig. 12
shows the blank as advanced one stage
the rack as having taken its first cut on
tain parts of the blank.

Tig. 14 is also a similar view to Fig. 13
but shows by the advancing of the cutter
and the blank that certain of the teeth which
have passed said cutter have received the
second cut while the following teeth show
the firet cut as illustrated by Fig. 13.

Fig. 15 shows the third cut that has been
talken in the teeth which have passed the
rack cutter while on the remainder of the
teeth the second cut only has been taken

Fig. 16 shows the blank with the teeth
which have passed the cutter finished while
the others require the last cut to finish them.

TFig. 17 is a plan showing a rack and cut-
ters for producing same.

In the ordinary process of cutting teeth
of the character described each cutter « of
the series of cutters in the rack 2 is caused
to advance and cut with its front end & and
inclined cutting edges ¢ and d (which extend
from said end 0 to the base f of the cutting
tool 2) so that these cutting edges cut their
way and enter centrally as  shown by Figs.
8 and 9 in order to carry out the cut by the
depth cutting edge b cutting its way inward-
ly and the two lateral edges ¢ and & cutting
the spaces on each side thereof equally, thus
the centre of the cutter @ always follows the
centre of the groove that it produces.. Fig.
§ and Fig. 9 show the effect such a cutter has
upon the blank 3 when said blank is held
against rotation during the cutting oper-
ations of the cutter ¢. The parts in broken
and section lines on Fig. § indicate what ths
finished groove will be like when produced
under such conditions, while Fig. 9 shows
the varied stages that the cutter ¢ advances
and cuts in a forward direction and to each
side thereof in the proportions shown by
broken lines in the blank 3.

According to my method I now arrange
the cutter to commence its cutting operations
(as shown by Hig. 11) below the central line
of the space that it will eventually cut in
the periphery of the blank 3 under the con-
ditions before stated, that is to say, with the
blank 3 stationary and the cutter advancing
towards the centre thereof under my im-
proved arrangement. My improved method
consists in causing the cutter @ to advance
to cut with its depth cutting edge & as here-
tofore but in addition to advancmo the cut-
tcr a I also move 1t relatively with ‘the blank

3 (or laterally in a direction indicated by the
arrows ) such a space as will carry said
catter ¢ forward a distance indicated by the
space between the broken lines A—B and
C—D on said Figs. 10 and 11, while the

but
and
cer-

blank 3 is stationary, thus the cutting ac-
tions under my conditions show that the end
b of the cutter and the edge ¢ of said cutter
perform (according to Figs. 10 and 11) the
entire cut producing the space of the shape
shown in broken section lines Fig. 10 and 1n
stages as shown by broken lines in Fig. 11.

When generating the proper shape of teeth
or teeth h‘lVan the required profile the va-
riations from said st raight sides produced
by the cutting edge ¢ and the cutting edge d
are varied by the additional movements of
the blank 3 and the cutter 2 when said blank
3 and cutter 2 are being moved so that the
one rolls over the other in the ordinary
method fcllowed in the generating of said
type of teeth,

By making use of this additional move-
ment of the cutter 2 relatively to the rolling
or revolving movement of the blank 8 I in-
crease said movement of the cutter 2 in ad-
dition to its ordinary advancing movement
in the direction indicated by the aATrowWs
sc that I have this additional relative move-
ment carried out and the process of cutting

he tooth of the wheel secured as is illus-
trated by Figs. 12 to 16 inclusive. That is to
‘ay 1f the pitch of the teeth being produced
15 one inch heretofore the c“dvanﬁmo action
of the cutter 2 has been one inch of 1 tangen-
tial motion in the direction indicated by the
arrows 2w while the blank 8 has rotated one
inch on the pitch line from one tooth to the
centre line of the next tooth in the direction
indicated by the arrows x. I now cause said
cutters 2 to_advance more than said inch
of pitch and the incresse is exactly equal
to the inclination of the side cutting edge
d to a ctrugbt line A—B drawn at right
angles to the base of the cutters from he
outward corner of the cutting edge d and d
as shown by Figs. 10 and 11, thus 1f the reav
edge d of the cuttmo tool  is fourteen and
one half degrees at an angle to the line A B
which is at right angles to the base of the
cutting tocl, then the advancement of the
cutter 2
first cut by the outer end of the tool b as
shown by TW 12 until said outer end has
reached the cLe}LJuh of the groove that it has
to form (as is shown by FIO‘ 16) is increased
by the length of the base of the triangle
(shown by I‘ws 10 and 11) foimed by the
cutting edge ¢ with the line A—B and a line
from the pomt /. to the point ¢.

In an inch of depth of tooth the extra ad-
vancing of the tool 2 will be approximately
a quarter of an inch, it may be more or it
may be less according, as is before stated,
to the angularity of the edge d of the cutting

tool to the base of said tool.

By this srrangement and method of cut-
ting the depth and leading cutting edges
are caused to effect the major pOlthIl of the
cut and the following cutting edge is caused

dmmn the time I‘fom taking the-
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to effect only a minor portion, so that all
wedging action is avoided and the cuts that
are taken by the leading cutting edge ¢ and
the depth cutting edge b can be increased
since the tools are more free to act and by

‘not putting too great a pressure upon the

blank 3 and upon the cutting tool 2 a more
accurate formation of tooth 1s secured.

As is hereinbefore stated I may make use
of varied forms of mechanism for obtaining
the relatively increased speed of the cutter
2 as compared with that of the blank 3 so
that I would have it understood that the
devices which I actually employ and which
I hereinafter explain are to be taken as only
those which I have proved will efficiently
carry out my improved functions, while I
am asware that it may be possible for other
mechanism- and devices to be produced to
attain the said object of my invention.

The devices shown by Figs. 1 to 5 illus-
trate the application of my improved parts
to a well known type of machine for cutting
the class of wheel to which my invention re-
lates. ; ,

In this type of machine the rack cutters
9, 2¢ are reciprocated in their inclined paths
in. well known manner and by well known
mechanism, while the blank 8 is mounted to
be rotated by the worm wheel 5 so that such
blank 8 (shown in broken lines Fig. 1) by
being fixed upon the shaft 6 of said worm
wheel 5 revolves in the direction indicated
by the arrow  of said figure.

The rotary motions of the wheel 5 are
effected by the worm 7 which is splined
upon a shaft 8 deriving its motion from
change speed gearing at the end thereof in
well known manner in order that the rela-
tive speed of the shaft 6 with the advancing

"motion of the bearings or carriage 8* upon

which the cutters 2 are mounted, are such
that the blank 3 carried in its rotary mo-
tions will roll over the cutters 2 in well
known manner.

During the rotary motions of the blank 3
as is effected by the wheel 5, the tool car:
riage or bearings 8* upon which the cutting
tools 2, 2¢ are mounted, is caused to rise by
the actions of the screw 9 as effected by the
gearing 10, 10* shaft 11 and change speed
gearing 12 so that as before stated the rising
motion of the tool carriage 8 relatively to
the rotations of the blank 3 is maintained or
is secured as is well understood.

In order to secure an additional motion
of the carriage 8 and therefore of the cut-

“ters 2 carried by same the screwed nut 14

through which the screw 9 passes and which
nut is carried by the framework 38* which

_supports the carriage 8 I now form to re-

65

volve under the actions of a worm 15 en-
gaging with worm wheel teeth 16 formed
upon the revolving part 14* of said nut 14,
and this worm 15 is mounted in bearings

which will move vertically with said nut as
same is carried by its screw 9, its vertical
motion being allowed by the flexible shaft 17
which couples the worm shaft to a horizon-
tal shaft 18 upon the outer end of which a
handle 19 may be placed. The handle 19 is
the handle usually employed in connection
with feed screw 20 which feeds the bearings

70

or work head of the wheel 5, its shaft 6 and

the blank 3 to the cutters 2 causing same to
advance to carry out the depth of cut de-
sired. The shaft 18 is coupled by change
gpeed gearing wheels 21, 22 and 23 to the
screw 20 so that whenever the handle 19 is
used for rotating the screw 20 to advance
the blank to the cutters in order to com-
mence the next cut (after the series of cuts
throughout one revolution have been effect:
ed) the rotary motion of said screw 20 will
have transmitted the desired amount of mo-
tion to the shaft 18 and therefore through
the. connecting shafts to the worm 15 so
that the nut 14* will, by its worm wheel 16,
have been advanced the proportion desirec
for carrying out the increase of movement
of the cutters 2 as is hereinbefore described.

In another type of machine (as shown by
Fig. 6) the cutters 2 merely have reciproca-
tory motion transmitted to them: and re
main stationary so far as regards any fur
ther motion other than following the in-
clined paths of their guiding supports while
the blank 3 carried by the shaft 6 is sup-
ported by the bearings 24 for said shaft,
said bearings being arranged to descend or
move in a vertical path over the guiding
surfaces 24+ in manner well known: The
rolling actions of the blank 3 over the cut-
ters 2 are secured as is well known and in
this type of machine I arrange the extra
motion to be transmitted to the sliding
bearings 24 in the same proportion or to the
same degree as I add to the motion of the
cutters 2 under the former conditions here-
inbefore explained in connection with the
machine shown by Figs. 1 to 5 of the draw-
ings.

When making use of reciprocating rack
cutters for producing spur gearing with the
blank revolving or rolling over said rack
cutters the space moved through the tangen-
tial path by said cutfer travel has to agree
with the space that the revolving blank ad-
vances during each cutting operation, and
I can carry out my method of advancing
the cutter so that the depth and leading
cutting edge of each cutting portion will al-
ways act as is hereinbefore described when
producing said spur teeth, the same as when
producing double helical or single helical
teeth.

When producing racks I follow the same
method of feed for the rack to the cutter
or vice-versa that I follow according to the
other productions hereinbefore = described,
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cutter

and this I carry out by devices as is
by Fig. 17 in which I use the rack
20¢ for producing the rack 20°.

Such being the nature and object of my
invention what I claim is:—

1. That improvement in the method of
generating gear teeth, which consists in im-
parting to a cutter having a depth cutting
edge, a leading cutting edge, and a follow-
ing cutting edge, an entering movement ad-
vancing the cutter into a moving blank, and
a lateral movement at an angle to the enter-
ing movement, said movements causing the
depth and leading cutting edges to effect
substantially the entire cut.

2. That improvement in the method of
generating the teeth of gear wheels, which
consists in imparting to a cutter having a
depth cutting edge, a leading cutting edge,
and a following cutting edge, an entering
movement advancing the cutter into a ro-
tating blank, and a lateral movement at an
angle to the entering movement, said move-
ments eausing the depth and leading cut-
ting edges to effect the major portion of the
cut, and the following cutting edge to co-
operate with the rotating blank in effecting
a minor portion of the cut.

3. A machine for generating gear teeth,
comprising means for supporting and mov-
ing a blank, a cutter having a depth cutting
edge, a leading cutting edge, and a follow-
ing cutting edge, and means for imparting
to the cutter an entering movement advanc-
ing the cutter into the blank, and a lateral
movement at an angle to the entering move-
ment, said movements causing the depth and
leading cutting edges to effect the major
portion of the cut.

4. A machine for generating the teeth of
gear wheels, comprising means for support-
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ing and rotating a blank, a cutter having 2
aepth cutting edge, a leading cutting edge,
and a following cutting edge, and means for
imparting to the cutter an entering move-
ment advancing the cutter into the blank,
and a lateral movement at an angle to the
entering movement, said movements causing
the depth and leading cutting edges to effect
the major portion of the cut, and the fol-
lowing cutting edge to cooperate with the
rotating blank in effecting a minor portion
of the cut.

5. A machine for generating the teeth of
gear wheels comprising a rotary shaft carry-
ing the blank to be cut, change speed gear-
ing for rotating said shaft, bearings for
said shaft and gearing, means for transmit-
ting motion to said gearing, a cutting tool,
bearings therefor, means for transmitting
reciprocatory motion to said tool, means for
moving the tools tangentially over the blank,
and other means for intermittently giving
sdditional tangential motion to said tool.

6. A machine for generating the teeth of
gear wheels comprising a shatt, adapted to
hold a blank, sliding bearings on which said
shaft is mounted, supports, for said beav-
ings, cutters having depth cutting edges,
leading cutting edges and following cutting
edges, cutter operating mechanism includ-
g means for laterally moving the cutters,
means for advancing the cutters into the
blank, supplemental means for giving an ad-
ditional lateral movement to the cutter, and
teans for sliding the said bearings to carry
the blank into the path of the cutters, the ar-
rangement being such that the depth and
‘eading cutting edges effect the major por-
tion of the cut.

ALLAN GREEN.

50

55

60



