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1. 

The present invention relates to a method of 
shaving shoulder gears. 
The finishing of gears to accurate dimensions 

by a method of crossed axes shaving has come into 
wide usage but it has been Subject to certain limi 
tations insofar as the final finishing of shoulder 
gears is concerned. By the term 'shoulder gear' 
is meant a smaller one of a cluster of gears on 
the same shaft, the gears being of different diam 
eter, or a gear next to a part of larger diameter 
on the same shaft. This leads to a problem of 
interference when attempting to shave a gear of 
relatively small diameter which is closely Spaced 
from a gear or other part of larger diameter. 

In the past, shoulder gears have been shaved 
by Various modifications of the croSsed axes Shaw 
ing process, one of such methods being described 
in the patent to Mentley, 2,411,973, granted De 
cember 3, 1946. 

It is found that if a gear and gear-like Cutter 
are rotated in mesh at crossed axes and if a rela 
tive traverse between the gear and cutter is ef 
fected, the direction of which occupies a plane 
parallel to the axes of both gear and cutter and 
which direction is oblique to the axes of both gear 
and cutter, a Superior shaving operation may be 
carried out on shoulder gears. 

It is accordingly an object of the present in 
.vention to provide a new method of shaving shoul 
der gears characterized by the ability to shave 
gears of Small diameter closer to larger gears 
Without encountering interference between the 
cutter and the larger gear. 

It is a further object of the present invention 
to provide a new method of shaving shoulder gears 
in which a smaller crossed-axes relationship may 
be employed, thus reducing the effect of inter 
ference limitations. . . 
More specifically, it is a feature of the present 

invention to shave a shoulder gear with a rotary 
shaving cutter by a method which comprises se 
lecting a crossed axes relationship limited by mini 
mum clearance conditions, meshing the gear and 
Cutter at such crossed axes relationship, rotating 
Said gear and cutter in mesh, and effecting a rela 
tive traverse between the gear and cutter in a 
plane which is parallel to the axes of both gear 
and Cutter and in a direction oblique to the axes 
of both gear and cutter, which direction occu 
pies an acute angular Zone in said plane delimited 
by the projection in Said plane of the axis of said 
gear on One side and the edge-of said cutter on the 
other side. 
Other objects and features of the invention 

will become apparent as the description proceeds, 
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2 
especially when considered in conjunction with 
the accompanying drawing, wherein: 
The Single figure is a -diagrammatic view illus 

trating the meshed relationship between a cut 
ter and shoulder gear in accordance with the 
present inveration. 

Referring now to the figure, there is illustrated 
at Oa shoulder gear comprising a relatively large 
gear and a relatively small shoulder gear 2 
which is to be machined by a croSsed axes shaW 
ing operation. The axis of the cluster gear is 
indicated at 3. 

In order to finish the teeth of the shoulder gear 
2 completely across the length thereof and par 

ticularly to the ends thereof, adjacent the larger 
gear i, it is necessary for a cutter 20 to reach a 
limiting position indicated by dotted lines 20', at 
which time the axis; 2 of the cutter occupies a 
position 2' and crosses with the axis 3 of the 
shoulder gear 2 at a point designated C’. It 
will be observed that the inner edge 22 of the 
cutter at this time is in the position 22' closely 
adjacent to a corner of the larger gear . In the 
figure, the edge 22, is shown diagrammatically as 
apparently contacting the corner of the larger 
gear d, but it will be appreciated that in fact 
the cutter 20 and gear are in different ver 
tical planes so that the condition illustrated does 
not represent actual interference between the 
eutter and the larger gear - . Assuming, how 
ever, that the dotted line position of the cutter 
20 illustrates the limiting condition from mini 
muna clearance considerations, it will be appre 
ciated that this same condition determines the 
maximum crossed axes setting which may be em 
ployed. 
In the diagram, the angle of crossed axes is 

illustrated as on the order of 15°. This is an ex 
aggeration of the angular relationship between 
the axes of the gear and cutter which has been 
made for the purpose of clarifying the diagram. 
In practice it is found that the axes may be crossed 
at very: Small aragles down to angles of 2 when 
the present method is employed. 

In order to obtaia the full benefit of the pres 
ent shaving operation it is necessary that the cut 
ter and gear have a relative traverse in a direc 
tion which is oblique to the axes of both gear 
and -clatter and which traverse further is in a 
direction which occupies the angular zone Z-de 
limited by the axis d8 of the gear on one side and 
the edge 23 of the cutter 20 on the other side. 

In crossed axes shaving, theoretical contact be 
tween the teeth of the gear and the teeth of the 
cutter is located in a small zone which is deter 
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mined by the instantaneous common normal to 
the axes of the gear and cutter, this Zone being 
known in the art as the center of CrOSsed axes. 
In order to distribute the finishing action of the 
shaving cutter across the teeth of the gear from 
One end thereof to the other, it is necessary to in 
troduce a relative traverse between the gear and 
cutter, this trWerSea occupying a plane Which is 
parallel to the axes of the gear and cutter and 
which may be in a number of different directions 
in such plane. 
the gear and cutter is in a direction parallel to 
the axis of the gear, the center of Crossed axes 
remains fixed with respect to a definite Zone of 
the cutter, thus causing excessive wear in the 
cutting Zone without employing the full width of 
the cutter. On the other hand, if the relative 
traverse were in a direction parallel to the axis 
of the cutter, the center of croSSed axes would re 
main fixed with respect to a definite Zone on the 
gear and accordingly the teeth of the gear would 
not be machined uniformly from end to end. In 
stead, they would be provided with a hollow whose 
maximum depth coincided With the Zone deter 
mined by the center of crossed axes. 
Other directions of relative traverse have been 

Suggested in the past. One Such direction of 
traverse is perpendicular to the axis of the gear. 
This direction of traverse has the disadvantage 
that it tends to reproduce marks on the teeth of 
the gear corresponding to the cutting edges pro 
vided on the teeth of the cutter. In my prior co 
pending application, Serial No. 694,477, filed Sep 
tember 3, 1946, there is suggested the possibility 
of effecting relative traverse in a direction oblique 
to the axes of both gear and cutter, which direc 
tion forms an angle of not more than 65° with 
the axis of the cutter. This traverse, which is 
termed "diagonal traverse,' has certain definite 
advantages. Among these, it causes the center 
of crossed axes to shift simultaneously with re 
Spect both to the gear and the cutter, thus ex 
tending the finishing action of the cutter uni 
formly acroSS the length of the gear teeth from 
One end to the other and also distributing the 
wear longitudinally across the width of the cut 
ter. 

Referring again to Figure 1, considering the 
two limiting Sides of the angular zone Z separate 
ly, it will be appreciated that relative traverse in 
the direction of the axis 3 of the gear is what 
has come to be known as conventional shaving. 
Traverse in this direction results in the center of 
crossed axes remaining fixed with respect to 
the cutter So that in order for the cutter to ma 
chine the inner ends of the teeth of the smaller 
or shoulder gear 2, the initial set-up must be 
Such that the center of crossed axes is at the 
left-hand edge of the cutter 20 at all times. This 
requires the stroke or traverse to be relatively 
long and further leads to undesirable unbalanced 
conditions. These conditions may be overcome 
in part by imposing a corrective angular dis 
placement of the cutter relative to the gear as 
disclosed in the patent identified above, but if 
possible it Would be preferable to avoid the ne 
cessity for imposing such corrective angular dis 
placement. 
The other boundary of the angular zone Z is 

determined by the side 23 of the cutter 20. 
traverse were in the direction of the side 23, or 
perpendicular to the cutter axis, the result would 
be the formation of cutter marks on the teeth of 
the gear which would not be wiped out and which 
Would render the gear unacceptable to the indus 

If the relative traverse between 
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4. 
try. However, if the direction of traverse is 
oblique to the axis 3 of the gear and the Side 23 
of the cutter and occupies the Zone Z, by a ju 
dicious selection of the precise angle of traverse 
it is possible to avoid the necessity for excessive 
traverse, the corrective angular displacement be 
tween the gear and cutter, and the formation of 
undesirable cutter marks on the teeth of the gear. 
The direction of traverse may be varied Substan 
tially so long as it does not approach too closely 
to a direction parallel to the axis 3 of the gear on 
the Side 23 of the cutter, and further So long as 
it does not exceed an angle of 65° with respect 
to the cutter axis, as fully set forth in my prior 
Copending application, identified above. 

In the diagram of Figure 1, the direction of 
traverse is illustrated as parallel to the lines 30, 
which may be taken to indicate the trace of the 
ends of the axis 2 of the cutter 20. It will be 
observed that when the cutter 20 is in the full line 
position the center of crossed axes is at the point 
C, at which time the cutting action is along the 
side 23 of the cutter and along the side 4 of 
the gear 2. As traverse takes place in the di 
rection of the lines 30, the axis 2 of the cutter 
moves to the dotted line position indicated at 
2, at which time the center of crossed axes C 
has shifted to the opposite side of the cutter and 
to the Side of the gear 2 which is closer to the 
larger gear . This means that the finishing 
action has been distributed uniformly from one 
end to the other of the gear teeth and at the 
Same time the cutting action has been performed 
by the entire length of the cutter teeth. 

In the diagram the width of the cutter 2) is 
illustrated as just sufficient to finish the width 
of the gear 2, although in practice it may be 
Somewhat wider if desired. It will further be ap 
preciated that the theoretical width of cutter 
necessary to finish a definite width of gear varies 
in accordance With the traverse angle selected. 
In the illustrated diagram the traverse angle TA, 
which is the angle between the direction of trav 
erse and the axis of the gear, is illustrated as 
about 40. 
In prior conventional shaving, that is, crossed 

axes shaving in which the direction of relative 
traverse is parallel to the axis of the gear, the 
minimum crossed axes setting has been said to 
be about 3. However, in practice it is found that 
at angles less than about 6 the cutting action has 
not been entirely satisfactory and instead of re 
moving metal in a free cutting operation there 
has been a tendency for the cutter to burnish 
the teeth of the gear. When employing the pres 
ent method of shaving shoulder gears, a crossed 
axes Setting of as low as .2 has been employed 
and the cutting action has been observed to be 
exceedingly free and accurate. The reason for 
this free cutting employing the diagonal traverse 
disclosed herein is not entirely clear from a theo 
retical point of view, but it has been amply dem onstrated in practice. 

It is thus possible by employing diagonal trav 
erse to reduce the crossed axes setting to an angle 
much smaller than previously thought practical, 
thereby making it possible to shave shoulder gears 
in Which the Smaller gear being shaved is closer 
to the adjacent larger gear than has previously 
been possible. 

It may be pointed out that one of the Objec 
tions to finishing a shoulder gear with the con 
ventional process which involves relative traverse 
in a direction parallel to the axis of the gear is 
that all of the cutting done by the cutter is per 
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formed by the ends of the cutter teeth. When 
the present invention is practiced the cutting ac 
tion is initiated at one end of the cutter teeth 
and terminates at the opposite end thereof so that 
at no time is end cutting by the cutter teeth being 
performed. 
Having in mind the fact that the traverse angle 

employed in diagonal traverse crossed axes shav 
ing should be less than 65 (as disclosed in my 
prior copending application) and since the pres 
ent method involves a relatively small crossed 
axes setting, it will be understood that the trav 
erse direction will in all cases be between a direc 
tion parallel to the axis of the work, and a di 
rection making an angle of not more than 65 
with the cutter axis. However, traverse angles 
of less than about 5 to the work axis are so closely 
equivalent to conventional traverse parallel to the 
axis of the gear that in order to obtain the bene 
fits of the present method the traverse angle 
should be greater than 5°. As a result, it is possi 
ble to define the traverse direction as a direction 
between a direction parallel to the axis of the 
work, and a direction making an angle of not 
more than 65° with the cutter axis. 
Inasmuch as the dotted line position 20' of the 

cutter represents the limiting condition under 
which the teeth of the gear 2 have been ma 
chined from end to end, it is necessary for the 
first traverse of the cutter to be toward the larger 
gear of the cluster, or in other words the first 
traverse must correspond to a movement of the 
cutter 20 from the full line position to the dotted 
line position. 20. Normally the machining oper 
ation will include a reverse stroke during which 
the cutter moves relative to the gear from the 
dotted line position 20' to or beyond the full line 
position. 

If the direction of traverse between the gear 
and cutter were in a direction perpendicular to 
the axis of the gear, the dotted line position 20' 
of the cutter would represent the positions of the 
gear and cutter at the beginning rather than the 
completion of a cutting stroke. In other Words, 
to employ relative traverse in a direction perpen 
dicular to the axis of the gear would necessitate a 
smaller crossed axes setting to avoid interference 
between the cutter and the corner of the larger 
gear . Stated differently, the present method 
of diagonal traverse crossed axes shaving of shoul 
der gears permits the employment of larger 
croSSed axeS. 
Where the direction of traverse has been re 

ferred to in the foregoing, and where it is recited 
in the claims, it is to be understood that this is a 
basic relative traverse which may if desired be 
modified by superimposing thereon additional rel 
ative motions, such for example as a relative rock 
ing motion for producing crowned or otherwise 
modified gears. In such cases the relative trav 
erse defined may then be merely a major Com 
ponent of a compound relative movement made 
up of two or more components. 
While there is diagrammatically illustrated and 

fully described a specific method of shaving shoul 
der gears by diagonal traverse crossed axes gear 
shaving, it will be understood that this specific 
disclosure is made solely to enable those skilled 
in the art to practice the invention, the Scope of 
which is indicated by the appended claims. 

6 
What I claim as my invention is: 
1. The method of shaving shoulder gears with 

a rotary gear-like cutter which comprises selecting 
a crossed axes setting determined by minimum 

5 clearance conditions when the common normal 
to the axes of the gear and cutter is adjacent the 
edges of the gear and cutter which are next to 
the shoulder of the gear, meshing the gear and 
cutter at such crossed axes setting with the com 

0 non normal to the axes of the gear and cutter 
located adjacent the edge of the gear remote 
from its shoulder and with said common normal 
remote from the edge of the cutter next to the 
shoulder of the gear, rotating the gear and cut 

5 ter in mesh, and effecting a slow relative traverse 
between the gear and cutter which occupies a 
plane parallel to the axes of both gear and cutter 
and which occupies the acute sector in the plane 
located between the axis of the gear and the side 

20 of the cutter, the direction and length of the 
traverse stroke being related to the crossed axes 
Setting Such that at the end of the stroke the com 
mon normal to the axes of the gear and cutter are 
closely adjacent the edges of the cutter and gear 

25 which are next to the shoulder of the gear. 
2. The method of shaving shoulder gears with 

a rotary gear-like cutter which comprises select 
ing a crossed axes setting determined by mini 
mum clearance conditions when the common nor 

30 mal to the axes of the gear and cutter is adjacent 
the edges of the gear and cutter which are next 
to the shoulder of the gear, meshing the gear and 
cutter at such crossed axes setting with the com 
mon normal to the axes of the gear and cutter 

35 located adjacent the edge of the gear remote from 
its shoulder and With Said common normal re 
mote from the edge of the cutter next to the 
shoulder of the gear, rotating the gear and cutter 
in mesh, and effecting a slow relative traverse 

40 between the gear and cutter which occupies a 
plane parallel to the axes of both gear and cut 
ter and which occupies the acute sector in the 
plane located between the axis of the gear and 
the side of the cutter, the direction and length 

45 of the traverse stroke being related to the crossed 
axes Setting such that at the end of the stroke 
the common normal to the axes of the gear and 
cutter are closely adjacent the edges of the cut 
ter and gear which are next to the shoulder of 

50 the gear and thereafter reversing the relative 
traverse stroke to bring the gear and cutter to 
initial relative position. 
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