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17 Claims,

This invention relates to a gear chamfering or
burr removing machine and has for its object the
provision of & machine of this character which is
simple to construct and operate and which will
rapidly and efficiently chamfer the edges of gear
teeth or remove the burrs formed during manu-
facture at the intersection of the working sur-
faces of the teeth with the end faces thereof.

This operation, commonly done by hand by
means of a file, not only serves to prevent the
breaking off during use of the gears of small par-
ticles of mefal, which is obviously highly objec-
tionable in the event the gears are used in an
automobile transmission or other closed lubri-

5 cated housing, but in the case of gears which are

axially shiftable into and out of mesh, such as
starter gears or gears employed in change speed
transmissions, the meshing of the gears is facil-
itated by the provision of cooperating chamfered
or heveled edges.

It is a feature of the invention that the ma-
chine may be readily adapted to effect the cham-
fering of the edges of the gear teeth either by
the performance of a single cutting operation on
each tooth or by the application of successive cuts
on each tooth, the former being desirable where
rapid treatment of the gears is desired and where
a light cut or chamfer is sufficient, and the latter
being preferable in the event very pronounced
chamfering is necessary, for instance as in the
case of starter gears or the like.

It is a more specific object of the invention to
provide & gear chamfering machine employing a
cutter having one or more tools or cutting edges
which are moved through a path intersecting the
edges of the gear teeth together with means for
supporting and simultaneously rotating the gear
to present successive teeth to the action of the
cutter. In the preferred form of the invention
the cutter is supported for rotation and for axial
movement on an axis generally parallel with the
plane of the gear undergoing treatment, and the

gear is in turn rotated in timed relation with the

rotational and axial movement of the cutter, the
axial movement imparted to the cutter being so
calculated as to accommodate the path of move-
ment of the cutting tool to the slope of the work-
ing face of the tooth. In the event the rotation of
the gear is continuous, the axial movement of the
cutter is also calculated so as to compensate for
rotational movement of the gear during actual

.engagement of the gear and cutter.

It is a further feature of the invention that
the inclination of the cutting tool with respect to
the plane of the gear may be readily altered so

(C1. 90—1)

as to vary the angle of the cut without disturbing

the timed relationship of movement of the gear
and cutter.

It is a further object of the invention to pro-
vide a machine for chamfering the edges of gear

teeth which will operate simultaneously on the

several units of a gear cluster, the construction
being preferably such that regardless of the rela-
tive sizes of the gears in the cluster the operation
of chamfering on all the units may be begun and
completed simultaneously and during one com-
blete rotation of the gear cluster.
the machine may be so constructed as to operate
simultaneously on the opposite ends of the teeth
of either a single gear or a plurality of gears.

Further objects and features of the Invention
will be apparent from the following description
taken in connection with the accompanying
drawings, in which

Pigure 1 is a perspective view of a gear cham-

10

Still further

15

20

fering machine embodying the principles of the o

present invention;
Figure la'is a fragmentary sectlonal view 111us-

trating a slightly modlﬁed form of a detail shown
in Figure 1;

25

Figure 2 is a sectlonal view of the cutter iltus- °

trated in Figure 1;
Figure 3 is a view in plan llustrating a modifi-
cation of the arrangement shown in Figure 1;
Figure 4 is-a sectional view taken substant1a.11y
on the line 4—4 of Figure 3;
Figure 5 is a view in plan illustrating a further
modification of the machine shown in Figure 1;
Figure 6 is a sectional view taken substantially
on the line 6—6 of Figure 5;

40
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Figure 7 is a fragmentary sectional view taken

substantially on the line T—7 of Figure 6;
Figure 8 is an elevation of the structure shown
in Figure 5 viewed in the direction of the arrow A;
Figure 9 is a section on the line 9—9 of Fig-
ure 5;

40

Figure 10 is a perspective view of a modified

Torm of cutter;

Figure 11 illustrates the manner in which en-
gagement between a cutting tool in the end of a
gear tooth may take place; and

Figures 12, 13, and 14 are developments of cams
suitable for imparting the necessary axial move-
ment to a cutter or cutters during operation of
the machine.

reference is made to the several embodiments
thereof illustrated in the accompanying drawings
and specific language is employed. It will never-
theless be understood that no limitation of the
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For convenience in describing the invention, '
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scope of the invention is thereby intended but
that various further modifications and alterations
are contemplated such as would occur to one
skilled in the art to which the invention relates.

Referring first to Figure 1 of the drawings, it
will be observed that the machine disclosed
therein comprises a base 10 provided adjacent
either end thereof with bearing-blocks {2 and {3
in which' a shaft 14 is journaled for rotation, a
pulley 5 driven by a belt 16 being secured to one
end of the shaft. Secured to or formed on the
shaft 14 is a worm 18 and a tool holder 20 is sup-
ported on the shaft 14 for rotation therewith and

for axial movement thereon, a coil spring 21 in-

terposed under compression between the worm 18
and the holder 20 being preferably provided to
urge the holder 20 in one dlrectmn on the shaft
or to the left in Figure 1.

The holder 20 carries one or more cutting
tools which may be of the double ended type
as indicated at 22 in Figure 2, tool 22 exfending
through the holder 28 and through a slot 23
in the shaft {4, being retained in position within
the holder by means of a wedge 25. It will be
observed that with this construction the tool 22
and ‘the wedge 25 constitute in effect key means
permmmrT bodily displacement of the holder 28
on-the shaft while constraining the shaft and
holder- to rotate together.- Since the tool 22
projects-at each end from the holder, two cutting
portions 26 are afforded and thus two cuts will
be made for each rotation of the shaft (4. For
convenience the holder 20 and cutting tool 22 are
referred to hereinafter as a cutter, it being ob-
vious from the following description that the
construction of this cutter may vary materially
from the form illustrated in the drawings.

Cooperating -cam -surfaces are preferably
formed on g stationary portion of the machine
and on the holder 20 to effect reciprocation of
the holder on the shaft i4 as the latter is rotated.
For instance a cam member 28 may be secured
to the bearing bleck (3 and may surround the
shaft 14, the cam member 28 being provided
with a radial cam face 29 cooperating with the
corresponding cam face formed on one end 30
of the holder 20. The nature of the cooperating
cam surfaces will be more fully pointed out here-
inafter.

" The worm gear 33 and the spur gear 34, se-
cured for unitary rotation on & shaft which may

‘be journaled on the base 18 in any suitable man-

ner, for instance in bearing blocks 35 and 36,

‘are arranged to drive a gear 38, to be chamfered,

from the shaft 14, the worm gear 33 meshing
with the worm {8 and the spur gear 34 meshing
with the gear 38. Preferably the gear 34 is of
the conventional type designed to eliminate back-
lash, having a separately rotatable portion 32
which is permitted limited movement with re-
spect to the body of the gear by means of the

‘pin’ and slot connection 31, being urged in one

direction by a spring 31 carried by a member

‘#1 secured to the body of the gear, this spring

in turn engaging a pin 21 projecting from the
outer face of the portion 32.

The gear 38 may comprise a single umt or may
be one of a cluster of gears including the gears 39

-and 40 as shown in the drawings, all three of

these gears being formed on or secured to a
sleéve 42. The sleeve 42 may be keyed for rota-
tion.on a shaft 43 journaled in a bearing block a4
formed on the base 18- of the machine and may

-are-engaged and cut by the tool.

The function and
‘mode of operation of this type of gear is Well
understood. -
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be secured in position on the shaft 43 by means
of a nut 45.

It will be observed that as the shaft 14 is ro-
tated, the.cutter will be moved transversely of
the plane of member 28, the cutting portion 26
of the cutting tool engaging the edge of a tooth
of the gear 38 on each rotation of the shaft 14,
preferably in the manner indicated more par-
ticularly in Figure 11 of the drawings. By rea-
son of the geared connection between the shaft
14 and the gear 28, the latter will also be con-
tinuously rotated, the extent of rotation of the
gear 38 being determined by the ratio of the
connecting gearing and being such that in this
embodiment of the invention succeeding teeth
In other words,
if the cutter is provided with two tools, for in-
stance the double ended tool 22 shown in Figure 2,

the gear 38 will be advanced two teeth during

each rotation of the shaft 14 and the cutfer car-
ried ‘thereby. The direction of rotation of the
several elements of the machine is indicated by
the arrows in Figure 1.

Since the working faces of the teeth on the

gear. 38 are curved and since the gear 38 is ro-

tated through a small angle during engagement
of the cutter with a tooth, it is necessary to effect
relative displacement of the gear 38 and the
cutter during engagement. While the gear 38

might be displaced generally in the plane thereof »

for this purpose, it is more convenient to employ
the construction shown in the drawings and to
reciprocate the cutter on the supporting shaft 14
by means of the cooperating cam surfaces herein-
before referred to. The nature of these cam
surfaces will be more clearly understood from
an inspection of Figure 12 of the drawings show-
ing a development thereof. In this figure that

portion of the cam surface on the holder 20 ly-

ing between the lines A—A and B—B is in en-
gagement with the cam element 28 during en-
gagement of the cutting tool with a tooth of the
gear 38. It will thus be observed that during
this engagement the cutting’ tool 22 is moving
downwardly by reason of the rotation of the
shaft 14 and is at the same time displaced to
the left in Pigure 1 in accordance with the con-
tour of the.cam surfaces illustrated in Figure 12.
This displacement of -the cutter to the left is
necessitated by the curvature of .the working
surface of the tooth on which the cutter is oper-
ating, the cutter of Figure. 1l being arranged to
engage the trailing edge rather.than the leading
edge of each tooth. During the period of en-
gagement between cutter and tooth there is also
a . slight rotational movement of the gear 38
in the direction of the arrow or away from the
cutting tool, but the extent lof rotation of the
gear is slight and is fully compensated for by
the correct shaping of the cam surfaces shown
in Pigure 12. If desired, rotation of gear 38 may
be suspended during actual cutting by employ-
ment of a Geneva movement or-the like, but
it will be appreciated ‘that the arrangement
shown 'in the -drawings is sunpler and more
efficient.

It- will be observed that the gear 38 shown in

Figure 1 is of the helical type and the chamfer-
ing is thuis preferably effected on that edge of the
tooth ~which ‘affords the more acute angle and
which is therefore more subject to burring and
chipping during-formation and use. It will nev-
ertheless be understood that the machine illus-
trated may be employed to chamfer the teeth of
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gears, and may be constructed to-accommodate
various tooth forms such as cycloidal, involute,
or other shapes of working surface, it being only
necessary to vary the nature of the cam sur-
faces to obtain the required axial displacement
of the cutter during the chamfering operation.
While the gear 38 shown in Figure 1 of the
drawings employs teeth having a left-hand helix,
gears having teeth of right-hand helices may

preferably effected cn the leading rather than
the trailing edge of the tooth. In-this case the
cam surfaces will correspend more nearly to
those developed in Figure 14, the cutfer being
moved to the right in Figure 1 -of the drawings,
in other words in the direction of rotation of
the gear 38, during actual engagement of the
cutter and tooth. -

It may be found desirable to effect some slight
adjustment of the cooperating cam surfaces after

"the machine is set up. An arrangement permit-

ting such adjustment is illustrated in Figure la
in which the stationary cam element 28’ is sup-
ported within the bearing block 13’ for rotation
about the axis of the shaft {4, being retained in
any desired position of adjustment by means of
the set screw 24. i

Figures 3 and 4 of the drawings illustrate a
constructicn which is generally similar to that
shown in Figure 1 with the exception that pro-
vision is made for effecting relative angular dis-
placement between the cutter and the gear being
chamfered about an axis generally parallel to
the plane of the gear, similar reference charac-
ters being employed to indicate similar parts of
the machine. Thus the gear 38 and the shaft
42 on which the gear is supported may be mount-
ed for rotation in a carrier 50, the worm gear
33, the gear 34, and the shaft 47 to which the
latter are secured being likewise supperted in
this earrier. 'Thus the shaft 43 may be journaled
in a bearing boss 52 and the shaft 47 may be
journaled in 2 similar boss 83, these bosses being
preferably formed on the carrier 50, .

The shaft 14 carries a bevel gear 58 which is
secured to the shaft and which meshes with a
second hevel gear 56, the latter being secured to
a shaft 58 which is journaled as at 59 in the
lower portion of the carrier 50, the shaft &8
having a reduced portion 61 extending within
an aperture 83 in the base 10 of the machine
and affording a pivotal connection between the
carrier 50 and the base. Formed on or secured
to the shaft 58 is a worm 65, the latter meshing

. with the worm gear 33 so that the gear 38 is

rotated in timed relation with the shaft 14 as
hereinbefore described in connection with the
embodiment of the invention shown in Figure
1. A bolt 84 fitting within- an aperture 6€ in
the carrier 50 and received within a generally
arcuate slot 58 in the base 10 is employed to
secure the carrier 58 in any position to which it
may be adjusted about the axis of the shaft 58.

Tt will be observed that the gearing including
the beveled gears 55 and 56 constitutes what Is
commonly referred to as pivoled gearing, per-
mitting swinging movement of the carrier on the
base without interfering with the driving con-
nection between the shaft {4 and the -gear 38.
By effecting such pivotal displacement of the
carrier 59, the angle at which the.cutting tool
92 ig presented to the gear 38 may obviously ‘be
altered with the result that the angle of cut
may be varied. It is also clear that the depth
of cut may be varied in either of the forms of

3

the invention heréinbefore described by suitable
change in the nature of the cooperating. cam
surfaces shown in Figure 12 or, in the form of
the invention shown in Figure la, by displace-
ment of the cam element 28’ to the right or to
the left to a slight extent.

Dealing now with the form of the invention
shown in Figures 5 to 9 inclusive, it will be ob-

~served that the machine. therein illustrated is so
also be readily chamfered, chamfering being then

constructed  as to simultaneously chamfer the
edges at opposite ends of the teeth of a single
gear or of the several gear units of a gear cluster.
Thus the base 10 of the machine is provided
with upstanding bearing flanges T1 and 72 at
opposite sides thereof, and a flange 13 at onhe
end, the latter serving as a support for bearing
bosses 15 and 11. - Journaled within the bearing
hoss 18 is a shaft 714 on which may be secured
a sleeve 19 of the gear cluster comprising the
gears 80, 81, and 82, a nut 83 being erployed for
this purpose. Journaled within the boss 17T is
o shaft 85 on which is secured a worm gear 81
and a spur gear 88, the latter being preferably
of the backlash take-up type hereinbefore de-
seribed.
and 12 iz a shaft 90 on which is secured a driving
pulley 8! operated by a belt 92, the shaft 80
having formed thereon or secured theretc a worm
63 meshing with the worm gear 871. - A cutter

indicated at 95 and employing one or more cub~

ting tools 96 is mounted on the shaft 88 for
rotation therewith and for axial movement with
respect thereto. A coil spring 98 interposed be-
tween a collar 99 and the cutter 95 urges the
latter to the left in Pigure 9, the cutter 95 being
provided with a radial cam surface 181 cooper-
ating with a radial cam 102 secured to the flange

72. The gear 88 meshes with the gear 83 which -

is one unit of the gear cluster to be chamfered.
T: will be observed that the construction thus

Journaled in the bearing flanges. 1 ¢

10

15

20

36

far described is identical with that illustrated *

in Figure 1 of the drawings and functions in a
similar manner to chamfer the trailing edges of
the teeth of the gear 80. C

A spur gear {05 is secured to one end of the

shaft 90, this gear constituting the first of a

train of gears, all of which are shown in Figure 8
of the drawings. Thus gear 105 meshes with
an idler gear 106 mounted on & shaft 107
journaled in the flange 72, the idler gear 106

45

50

meshing in turn with the gears 189 and 140.

Gear 110 is secured to a shaft 112, journaled in

flanges 71 and 72, on which is mounted for axial

reciprocation on and for rotation with the shaft
s cutter indicated at 114, This cutter is pro-
vided with one or. mdre cutting tools, axial
reciprocation of the cutter in the proper timed
relation being effected by the cooperation of
cam surfaces on the cutter and on a suitable cam

element surrounding the shaft and secured to

the inner face of the flange T2.

The gear 109 is secured to a shaft {16 on which
is mounted a cutter 95’ cooperating with the
gear 81, the cutter 95’ being rotatable with the
shaft 116 and being reciprocable thereon by the
cooperation of cam surfaces formed on the
cutter and on a cam element 102’ secured to
the flange 12 of the machine frame. The co-
operating cam surfaces are maintained in con-
tact by a spring 98’, the construction and mode
of operation of the cutter 95’ being similar to
that of the cutter 95.

Secured to the shaft 116 is a gear #18 which
meshes with an idler gear- 119, the latter being
mounted on a shaft 120 supported in the flange

;65
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12 of the machine frame, the idler gear 119
meshing in turn with a gear 124 and a gear 125.
The gears 124 and 125 are secured respectively
to shafts 128 and 129, the shaft 28 being pro-
vided with a cutter 95’" and the shaft 129 being
provided with a cutter (14, these cutters being
constructed and operating in the manner herein-
before described. A gear 126 secured to shaft
128 meshes with an idler gear 131 secured to a
shaft 132 journaled in the flange 12 of the
machine frame, and the idler gear 131 meshes in
turn with a gear 1385 secured to a shaft 136
journaled in the flanges Ti and 712.. Shaft (36

. is provided with a cutter 114’ which is con-

structed and arranged to operate in the manner
of the remaining cutters of the series. The cut-
ters 114’ and 114"’ are provided with recessed
portions 138’ and 138’* respectively, whereby
when these cutters are rotated to the proper
positions, as indicated in Figure 7, the .gear
cluster to be chamfered may be slid longi-
tudinally of the shaft 14 for application thereto
or removal therefrom.

As is clearly shown in Figure 6 of the drawings,
each of the cutters 95, 95’, and 95’/ are positioned
to chamfer the trailing edges at one end of the
teeth of the gears 80, 81, and 82 respectively, and
each of the cutters (14, 114’, and {14’ is ar-
ranged to chamfer the leading edges at the op-
posite ends of the teeth of the gears 80, 81, and
82 respectively, it being observed that in this
manner, chamfering of all of the acute edges of
of all of the gears of the cluster may be effected
simultaneously. The ratio of the gearing con-
necting these cutters and shown in Figure 8 of
the drawings is preferably such that the cham-
fering of the gears may be begun and completed
at the same time, for instance after one com-
plete rotation of the gear cluster. Obviously the
cutters which are simultaneously operating on
any one of the gear units should be rotated at
the same speed and will be reciprocated axially
during the cutting operation in accordance with
the principles hereinbefore outlined, but owing
to the different sizes of the gear units in the
gear cluster illustrated in the drawings, the
cutters operating on the - different gear units
must necessarily be driven at different speeds
in order that the proper timing may be
established. i

In Figure 10 of the drawings is shown a cutter
140 provided with four cutting tools 141 which
are angularly displaced about the circumference
of the cutter, the successive tools being also
slightly displaced axially of the cutter to an ex-
tent corresponding generally to the angular dis-
placement of the gear to be chamfered during
the periods intervening between actual cutting
engagement of the cutter and gear. In other
words, the arrangement is such that the four
cutting tools will be brought successively into
engagement with a single tooth, each tool being

. positioned so as to effect a cut of slightly greater

(]

depth than that effected by the preceding tool.
This construction is found to be particularly
useful where a very deep chamfer is desired, for
instance in the case of starter gears or the like,
Obviously the number of cutting tools may be
greater or Iéss than that shown in the drawings.
It is also clear that by suitable axial arrange-
ment of a plurality of cutting tools on a single
cutter, and by the establishment of a suitable
timed relation between the cutter and the gear
to be chamfered, a plurality of tools may serve to

2,206,449

successively engage and chamfer successive teeth
on the gear. Various other alterations of this
arrangement will occur to one skilled in the art.
- Where a number of cutting tools are employed
on a single cutter, it is of course necessary to
provide for axial movement of the cutter on its
supporting shaft during the period of engage-
ment of each cutting tool with the gear. One
form of cam suitable for this purpose is illus-
trated in the development of Figure 13 .of the
drawings, the cam (44 on the stationary cam
element (45 being successively contacted by cams
146 on the cufter 148, each of the cams (46
corresponding to one of the cutting tools 149
and being effective during engagement of that
cutting tool with a tooth of the gear. The cams
146 are of the type which would be employed
in a construction such as that shown in Figure 1
in the event the gear 38. were provided with a
right-hand helix, cutting being effected on the
leading rather than the trailing edge of each
tooth. Obviously, however, cutting may be
effected on either the leading or the trailing
edge of the tooth regardless of the direction of
the helix, it being a relatively simple matter
to rotate the gear to be chamfered in a direction
opposite to that in which it is rotated in Figure 1,
it being only necessary to so design the cooperat-
ing cam surfaces as to effect the required
reciprocation of the cutter during the chamfer-
ing operation. The arrangement of the cutting
tools shown in Figure 13 corresponds to that
shown in Figure 10, the tools being adapted to
effect successive cuts of increasing depth on cne
and the same tooth.

It will be observed that the invention con-
templates the chamfering by means of a single
cutting operation of the entire edge of the tooth
from the outer end to the root, operation of the
machine being by no means dependent upon
movement of the gear to be chamfered into a
series of positions with respect to the cuiter.
In other words, the operation is preferably based
on the execution of a complete cut rather than
a series of partial cuts on different portions of
the edge of the tooth such as would ordinarily
be effected if a hobbing tool were employed. As a
result, the machine may be operated at a maxi-
mum speed and with unusual efficiency and ac-
curacy. :

Having thus described the invention, what is
claimed as new and desired to be secured by
Letters Patent is:

1. In a machine for chamfering gear teeth, the
combination with a support for a gear to be
chamfered, a cutter supported for movement in a
plane intersecting the plane of the gear into cut-
ting engagement with the end of a gear tooth,
and means for imparting relative movement to
said cutter and gear in a direction generally
parallel to the plane of the gear during contact
of the cutter and tooth to an extent sufficient to
compensate for the tooth slope.

2. In a machine for chamfering gear teeth, the
combination with a. support for a gear to be
chamfered, a cutter supported for movement in a
plane intersecting the plane of the gear into cut-
fing engagement with the end of a gear tooth,
means for imparting relative movement to said
cutter and gear in a direction generally parallel
to the plane of the gear during contact of the
cutter and tooth to compensate for the tooth
slope, and means for rotating said gear continu-
ously on the axis thereof in timed relation with
the movement imparted to said cutter, whereby
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successive teeth may be presented to said cutter.

3. In a machine for chamfering gear teeth, the
combination with means for supporting a gear
for rotation on the axis thereof, of a cutter sup-

- ported for rotation on an axis transverse to the

axis of -said gear, said cutter having a cutting
edge, and means for continuously rotating said
gear and cutter in timed relation to bring the
cutting edge of said cutier into successive cutting
engagement with the edge of the teeth of the
gear over the entire depth of each footh on each
cut, said cutter being so formed as io effect a
single cut only on each of the engaged teeth dur-
ing one complete rotation of said gear.

4. In a machine for chamfering gear teeth, the
combination with means for supporting a gear
for rotation on the axis thereof, of a cutter sup-
ported for rotation on an axis transverse to the
axis of said gear, means for continuously rotating
said gear and cutter in timed relation to bring
said cufter into successive cutting engagement
with the edge of the {eeth of the gear, and means
for reciprocating said cutier on the axis thereof
during engagement of said cutter and gear teeth.

5. In a machine for simultaneously chamfer-
ing the several gear units of a gear cluster, the
combination with means supporting the gear
cluster for rotation on the axis thereof, a plu-
rality of cutters, one associated with each gear

unit, means supporting ecach cutter for rotation .

on an axis transverse to the axis of the associated
gear unit, means for rotating said gear cluster
and said cutters in timed relation and at such
relative speeds as to complete the chamfering of
the several gear units simultaneously, and means
for reciprccating each cutter on the axis thereof
during cutting engagement with the associated
gear unit to compensate for the tooth slope and
the rotaticnal movement of the gear cluster.

6. In a machine for simultaneously chamfer-
ing opposite ends of the teeth of a gear, the com-
biration with means supporting the gear for ro-
tation, separate cutters supported for rotation
about axes transverse to the axis of rotation of
said gear and adjacent opposite faces of the gear,
means for rotating said gear and cutters in timed
relation, and means for imparting axial recipro-
catory movement to said cutters during engage-
ment of the latter with said gear teeth.

7. In a machine for chamfering gear teeth,
the combination with a support for a gear to be
chamiered, of g cutter supported for movement
n a plane intersecting the plane of the gear into
cutting engagement with the end of a gear tooth,
means for imparting relative movement to said
cutter and gear in a direction generally parallel
to the plane of the gear during contact of the cut-
ter and tooth to compensate for the tooth slope,
and means for efiecting relative rotative adjust-
ment of said cutter and gear about an axis gen-
erally parallel to the plane of said gear to vary
the chamfer angle.

8. In a machine for chamfering gear teeth, the
combination with means for supporting a gear

.5 for rotation on the axis thereof, of a cutter sup-

ported for rofation on an axis transverse to the
axis of said gear, and means for continuously
rotating said gear and cutter in timed relation to
bring said cutter into successive cutting engage-
ment with the edge of the teeth of the gear, said
last named means including pivoted gearing oper-
atively connecting said gear and cutler, the mem-
bers of said gearing being relatively displaceable
about an axis generally parallel {c the piane of
said gear, whereby the angle of chamfer may be

5

varied without aﬁectmg the operatlve connectlon
between ‘gear and cufter.

9, In. apparatus ‘for chamfering gear teeth the
combination with a rotatable shaft, a cutting tool
mounted on said shaft, means supporting a gear
to be chamfered for rotation on an axis.trans-
verse fo the axis of said shaft and adjacent the
path of movement of said $00l, gearing connect-
ing said gear and shaft for rotation in timed
relation, and means for effecting axial displace-
ment of said tool during engagement of said tool
and gear,

10, In apparatus for chamfenng gear teeth
{he combination with o rotatable shaft, a cutting
tool mounted on said shaff, means supportmg' a
gear to. be chamfered for rotation on an axis
transverse to the axis of said shaft and adjacent
the path of movement of said tool, gearing con-
necting said gear and ‘shaft for rotation in timed
relation, and means for effecting axial displace-
ment of said tool during engagement of said tool
and gear, said last named means including a sup-
port for said tool rotatable with and reciprocable
on said shaft, and a stationary cam cooperatmg
with said support.

11. In apparatus for chamfering gear teeth, the
combination with a rotatable shaft, a cutting tool
mounted on said shaft, means supporting a gear
to be chamifered for rotation on an axis trans-
verse to the axis of said shaft and adjacent the
path of movement of said tool, gearing connect-
ing said gear and shaft for rotation in timed re-
lation, means for effecting axial displacement
of said tool during engagement of said tool and
gear, said gearing including a worm on said shaft,
and a countershaft having gears meshing with
said worm and said gear to be chamfered.

12. In a machine for chamfering gear teeth,
the combination with a support for a gear to be
chamfered, a cutter supported. for movement in
a plane intersecting the plane of the gear into
cutting engagement with the end of a gear tooth,
and means for imparting relative movement to
said cuftter and gear in a direction generally
parallel to the plane of the gear during contact
of the cutter and tooth to an extent sufficient
to compensate for the tooth slope, said cutter
comprising a plurality of separate cutting tools
so positioned as to effect successive chamfering
cuts on the same tooth.

13. In a machine for chamfering gear feeth,
the combination with means for supporting a gear
for rotation on the axis thereof, of a cutter sup-
ported for rotation on an axis transverse to the
axis of said gear, and means for centinuously ro-
tating said gear and cutfer in timed relation to
bring said cutter-into successive cutting engage-
ment with the edge of the teeth of the gear,
said cutter comprising a plurality of separate
cutting tools circumferentiaily and axially spaced
for respective engagement with successive gear
teeth.

14. The method of chamfering spur gear teeth
which comprises rotating a cutter about an axis
transverse to-the axis of the gear to cause the
cutting edge of the cufter to engage a tooth ad-
jacent the intersection of an end face and a
working face and to move over substantially the
entire depth of the tooth, and effecting during
such movement a relative bodily displacement of
the cutter and gear resulting in a relative cir-
cumferential displacement of the gear and the
point of confact of the cutting edge with the
tooth corresponding generally to the tooth slope
to produce a cut of substantially uniform depth.
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15. The method of chamfering spur gear teeth
which comprises rotating a cutter about an axis
transverse to the axis of the gear to cause the
cutting edge of the cutter to engage a tooth ad-
jacent the intersection of an end face and a work-
ing face and to move over substantially the en-
tire depth of the tooth from the outer end of the
tooth toward the base of the tooth, and effecting
during such movement a relative bodily displace-
ment of the cutter and gear resulting in a rela-
tive circumferential displacement of the gear
and the point of contact of the cutting edge with
the tooth corresponding generally to the tooth

. slope to produce a cut of substantially uniform

i

depth.

16. In a machine for chamfering gear teeth,
the combination with means for supporting a
gear for rotation on the axis thereof, of a cutter
supported for rotation on an axis transverse to

2,206,449

the axis of said gear, means for continuously ro-
tating said gear and cutter in timed relation to
bring said cutter into successive cutting engage-
ment with the edge of the teeth of the gear over
the entire depth of each tooth, and means for
effecting during cutting a relative circumferen-
tial displacement of the gear and the point of
cutting action corresponding generally to the
tooth slope.

17. In a machine for chamfering gear teeth,
the combination with a support for a gear to' be
chamfered, of a cutter supported for movement
in a plane intersecting the plane of the gear into
cutting engagement with the end of a gear tooth,
and means for effecting relative rotative adjust-
ment of said cutter and gear about an axis gen-
erally parallel to the plane of said gear to vary
the chamfer angle.

JOHN M. CHRISTMAN.
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