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4. Claims. (C. 90-2) 
This invention relates to a method and means 

for finishing gears by subjecting the gears to a 
Combined and simultaneous burnishing and shav 
ing operation. - 
An object of the invention is to provide an im 

proved and novel method and means for finishing 
gears with a high degree of accuracy and with 
the desired surface smoothness, compactness and 
finish. 
Another object is to provide an improved and 

novel method and means for finishing gears 
quickly and economically and with a high degree 
of accuracy and the desired surface Smoothness, 
compactness and finish. 
Another object is to provide an improved and 

novel method and means for finishing gears 
quickly and economically and with a high degree 
of accuracy and the desired Surface Smoothness, 
compactness and finish by means of a combined 
and simultaneous burnishing and shaving oper 
ation. - 

Another object is to provide an improved and 
novel method and means for finishing both ex 
ternal and internal gears quickly and economi 
cally and with a high degree of accuracy and 
the desired surface smoothness, compactness and 
finish by means of a combined and simultaneous 
burnishing and shaving operation. 
A further object is to provide an improved 

and novel method and means for finishing gears 
by a combined burnishing and shaving action, 
which quickly, economically and by means of 
a single operation refines the gear teeth to a 
high degree of accuracy, while simultaneously 
burnishing the working face surfaces of the teeth. 
Another object is to provide a method for si 

multaneously shaving and burnishing gears, 
wherein the burnishing pressures usually required 
are substantially reduced. 
A further object is to provide a method for 

finishing gears by a combined burnishing and 
shaving action, which does not require in its prac 
tice expensive special machines. 
Another object is to provide an improved tool 

or cutter in the form of a gear, for simultane 
ously burnishing and shaving gears to finish the 
same quickly, economically and with a high de- . 
gree of accuracy and the desired surface smooth 
ness, compactness and finish. 

Further and additional objects and advantages 
residing in the invention will become apparent 
during the detailed description that is to follow 
of embodiments thereof. 

Referring to the accompanying drawing, 
Fig. 1 is an end elevational view of a plurality 

of helical cutters embodying the invention ar 
ranged in intermeshing relation with a helical 
Work gear, one of the cutters being mounted upon 
the Spindle of a conventional milling machine or 
other machine tool, while the other cutters and 
the work gear are mounted upon shafts arranged 
in an attachment, such as is shown in my co 
pending application, Serial Number 9,824, filed 
March 7, 1935, and which is secured to the table 
Of the machine. 

Fig. 2 is a side elevational view of one of the 
cutters shown in Fig. 1. 

Fig. 3 is a detached and somewhat schematic 
side elevational view of the three cutters shown 
in Fig. 1, said view being on a reduced scale and 
illustrating the cutters arranged one above the 
other to show the manner in which the circular 
grooves formed therein from end to end of the 
cutters are staggered so that the three cutters 
combined have a multiplicity of cutting edges 
which, when the cutters are rotated in mesh with 
a Work gear, will take a multiplicity of bites or 
cuts in the gear extending from end to end of 
the gear and lying very closely adjacent to each 
other or actually overlapping each other. 

Fig. 4 is a fragmentary developed sectional 
view through one of the teeth of the work gear 
illustrating diagrammatically the action of the 
cutting edges of the cutters upon the working face 
surface of the tooth of the gear, and 

Fig. 5 is a view similar to Fig. 3, but illustrating 
modified forms of cutters from those shown in 
Fig. 3. 
The present requirement for gears of high-ac 

curacy and finish, especially gears which are to be 
used in motor vehicles, has necessitated further 
finishing operations upon the gears after they 
have been cut. 
This further finishing of the gears has been 

'carried out heretofore by means of a number of 
separate operations, namely, by a shaving oper 
ation to remove and correct irregularities and 
errors in the gear teeth occasioned by inaccurate 
cutting of the gears, and by a separate burnishing 
operation to compact, smooth and polish the 
Working face Surfaces of the gear teeth. 

It will be evident that the practice involving 
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separate shaving and polishing operations is nec 
essarily slow and uneconomical. 

Machines have been produced and are now 
being used for the purpose of Subjecting the gears 
to the shaving operation referred to. However, 
generally these machines impart to - the work 
gears and to the tools or cutters compounded rela 
tive movements, usually consisting of relatively 55 
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rotating the work gears and cutters in mesh and 
at the same time imparting to the cutters and 
Work gears relative iong, lateral and linear move 
ments to produce the shaving action of the cutters 
upon the work gears. These special machines, 
because of the compounded movements which 
they must impart to the cutters and work gears, 
are relatively complicated and expensive, in view 
of the single purpose for which they are used, 
and, in addition, they are relatively slow in oper 
ation. 
Certain of the machines referred to are con 

structed so that the axes of the cutter and work 
gear are arranged in non-parallel relationship, 
wherefore the cutter has merely a tangential 
point contact with the work gear. It is neces 
Sary in Such machines to impart long relative 
linear and lateral movements to the cutter and 
gear axially of the latter, to cause the tangen 
tial point contact of the cutter with the gear to 
move across the Working face surfaces of the gear 
teeth from end to end thereof, in order to cut 
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cylindrical surfaces thereon. 
Such machines are not adapted to operate 

upon internal gears because of the necessary lat 
eral and linear movements of the cutter con 
pletely across the face of the gears, since the 
attaching flanges of the internal gears and the 
Supports to which the flanges must be connected, 
restrict the operating space within the internal 
gears and interfere with the compounded rela 
tive rotative and long lateral and linear move 
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ments between the cutters and the work gears. 
The same condition exists in connection with 
gears formed on Spline shafts, because the flanges 
or shoulders on the shafts adjacent to the gears 
interfere and prohibit the imparting to the cut 
ters and work gears the compounded relative 
movements referred to. Likewise, the shaving of 
the gears of cluster gears cannot be carried out 
On these machines for the same reasons. 
As previously stated heretofore the shaving 

Operation must be followed by a separate burnish 
ing operation, which not only increases the time 
and cost of finishing the gears, but requires sep 
arate burnishing apparatus therefor. 

It is desired by means of the present invention 
to provide a method and means which may be 
used for finishing gears of different types, as for 
example, spur or helical external and internal 
gears, cluster gears, gears on spline shafts, her 
ringbone gears and other types of gears to a high 
degree of accuracy, smoothness, compactness and 
finish, quickly and economically, by means of a 
single operation, and wherein the use of special 
complicated machines is eliminated since during 
the operation it is not necessary to impart to the 
cutters and work gears, in addition to the move 
ment of rotation, and a radial pressure feed 
movement, long lateral or linear relative move 
ments therebetween, to cause the cutting edges 
of the former to cut or bite into the working face 
surfaces of the teeth of the work gears from end 
to end of the gears. In attaining the ends sought, 

65 the present invention contemplates the provision 

O 

of combined burnishing and shaving cutters in the 
form of gears, which need only be rotated in 
mesh with the work gears while being given a 
suitable pressure feed movement, although in cer 
tain instances it may be preferable to give the 
cutters a slight relative axial movement or to 
allow the same some axial play to shave and bur 
nish simultaneously the complete working face 
surfaces of the teeth of the work gears from end 
to end thereof and with a high degree of accu 

2,128,026 
racy, smoothness, compactness and finish, irre 
Spective of the degree of error of spacing or of 
tooth form in the work gears after they have been 
cut. 
In my copending application Serial No. 9,824, 

filed March 7, 1935, the invention disclosed thrre 
in contemplated burnishing and shaving cutters 
in the form of straight tooth, helical tooth or 
other types of gears corresponding to the types 
of work gears with which they are used, and 
provided around their circumferences. With a mu 
tiplicity of helical grooves extending from end to 
end of the cutters in an axial direction and com 
pletely through the teeth thereof from the out 
Side diameters of the cutters to the roots of the 
teeth, whereby the teeth of the cutters are pro 
vided with a multiplicity of cutting edges which 
act, when the cutters are rotated under pressure 
in mesh with the work gears, to shave the com 
plete working face surfaces of the teeth of the 
work gears from end to end of the gears, due to 
the lead of the circumferential helical grooves, 
while the working face surfaces of the teeth of 
the cutters between the helical grooves act to 
simultaneously burnish the working face surfaces 
of the teeth of the work gears. 
The invention disclosed in the present applica 

tion differs from that disclosed in my aforemen 
tioned copending application Serial No. 9,824, in 
that the cutters are provided with a multiplicity 
of circumferential circular grooves arranged in 
Spaced relation from end to end of the cutters as 
distinguished from the helical grooves referred to. 
In order that the cuts or shaving bites of the cut 
ting edges provided in the cutters by the circular 
circumferential grooves will act upon the com 
plete working face surfaces of the teeth of the 
gears and will migrate from end to end of the 
Work gears, the spaced circular circumferential 
grooves in each cutter are staggered or offset with 
relation to the spaced circular circumferential 
grooves in the other cutters of the group of cut 
ters acting upon the work gears. Therefore, since 
the cutters are each provided With a plurality or 
multiplicity of such spaced circumferential cir 
cular grooves and the grooves in each cutter are 
staggered or offset with respect to the grooves of 
the other cutters, the shaving bites or cuts taken 
in the work gears by the large number of cutting 
edges formed by the grooves will lie in closely 
juxtaposed relationship or will overlap and will 
extend from end to end of the working face sur 
faces of the teeth of the work gears. 

In view of the fact that the cutters are each 
provided with a plurality of spaced circumferen 
tial circular grooves staggered or offset with re 
spect to the grooves in the other cutters and ex 
tending completely through the teeth of the cut 
ters from the Outside diameter thereof to the 
roots of the teeth, it is necessary, to effect the 
simultaneous shaving and burnishing of the en 
tire working face Surfaces of the teeth of the 
work gears from end to end of the gears, to im 
part only a relative rotative movement to the 
cutters in addition to a radial pressure feed move 
ment between the cutters and work gears, al 
though it is perhaps preferable in some instances 
to allow a slight axial play to the cutters or to 
impart thereto a slight axial movement to cause 
a complete overlapping of the shaving or cutting 
bites taken by the multiplicity of cutting edges 
of the cutters in the working face surfaces of the 
teeth of the work gear. It will be understood, 
however, that since the cutting edges formed by 
the staggered circumferential circular grooves in 
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the cutters, act upon the working face surfaces of 
the teeth of the work gear in such close proximity 
to each other that any axial movement or axial 
play which the cutters have will be so slight as not 
to interfere with the practice of the invention 
upon internal gears, spline shaft gears, cluster 
gears, or the like, particularly since the axes of 
the cutters and work gears are arranged in paral 
lel relationship, 
As previously stated, the invention may be 

practiced upon the usual burnishing machine, 
wherein the Work gear and the burnishing gears 
are simply rotated in mesh under pressure, or it 
may be practiced by means of simple attachments 
which can be mounted upon the ordinary milling 
machine, lathe, or other machine tool, inasmuch 
as any relative movement imparted to the cutters 
and Work gear in addition to the rotative and 
pressure feed movements would consist simply in 
a very slight axial movement or axial play. 
In describing the invention in detail, reference 

will first be made to Figs. 1 to 4 inclusive of the 
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drawing, wherein an external helical work gear 
is shown being simultaneously shaved and bur 
nished by means of a plurality of helical cutters. 
The helical work gear, indicated at 6, may be 

of either hand, any desired angle of helix, normal 
diametral pitch, normal pressure angle, and num 
ber of teeth. 
The tools or cutters, indicated at 7, 8 and 9 re 

spectively, are in the form of helical gears of the 
opposite hand from the work gear 6, but are of 
the same angle of helix, normal diametral pitch 
and normal pressure angle as the work gear. 
Although the cutters may be of the same size 

and number of teeth as the work gear, it is pref 
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erable in the case of external gears to employ cut 
ters which are of larger size and greater number 
of teeth than the work gear, because of the better 
results thus obtained, due to the greater number 
of cutting edges, the increased burnishing and 
peripheral surfaces, and the longer wearing qual 
ities of the cutters. Consequently the Work gear 
6 has been illustrated herein as of Smaller size 
and lesser number of teeth than the cutter 7, 8 
and 9, it being noted that the cutters themselves 
are shown, by way of example, as all of the same 
size and number of teeth. 
As previously stated, the cutters employed in 

practicing the invention are provided with a plu 
rality or multiplicity of spaced circumferential 
circular grooves extending.from end to end of the 
cutters in an axial direction and completely 
through the teeth thereof from the outside diam 
eters of the cutters to the roots of the teeth. 
The cutters 7, 8 and 9 may be provided with the 

same number of spaced circumferential circular 
grooves or the various cutters may be provided 
with different numbers of the grooves. The cut 
ters 7, 8 and 9 have been illustrated herein, by way 
of example, as each provided with four axially 
spaced circumferential circular grooves 0. 
The circular grooves to preferably are spaced 

from end to end of the cutters in an axial direc 
tion and should be of sufficient number to form a 
great multiplicity of cutting edges and 2 on 
both of the working face surfaces of each of the 
teeth of the cutters. The great number of cutting 
edges and 12 formed on the teeth of the cut 
ters 7, 8 and 9 by the spaced circumferential cir 
cular grooves 0 act, when the cutters are rotated 
in mesh with the work gears under pressure, to 
take a large number of closely arranged shaving 
cuts or bites in the working face surfaces of the 
teeth of the work gears from end to end thereof. 

3 
The large number or multiplicity of cutting or 
shaving edges and 2 on the cutters reduces 
the cutting or shaving force which must be ap 
plied to the cutters, in shaving the work gears 
and enables the cutters to be used upon conven 
tional burnishing machines or upon attachments 
mounted on conventional machine tools. 

Reference to Fig. 3 of the drawing will show 
that the circumferential grooves fo are spaced 
axially of the cutters 7, 8 and 9 with the grooves 
and the cutting edges and 2 formed thereby 
so arranged in the various cutters as to lie in stag 
gered or offset relationship with respect to the 
grooves and cutting edges in the other cutters, 
wherefore the shaving bites or cuts taken by the 
cutting edges and 2 in the working face sur 
faces of the work gears will lie very closely adja 
cent to each other and will extend from end to 
end of the Work gears. This arrangement enables 
the work gears to be shaved and burnished by the 
cutters by simply rotating the cutters and work 
gears in mesh under pressure, although it is pref 
erable in order to obtain better results and smooth 
accurate working face surfaces on the teeth of 
the work gears to allow a slight axial play to the 
cutters or to impart a very small axial movement 
thereto, to cause the shaving cuts or bites to 
overlap. 
As previously stated, the grooves 0 extend 

completely through the teeth T of the cutters 7, 
8 and 9 from the outside diameters D thereof to 
the roots R. Of the teeth. The teeth T of the cut 
ters are divided by the circular grooves 0 from 
end to end of the cutters into a plurality of sep 
arate small cutting and burnishing teeth, each 
of which in the case of helical cutters, has two 
obtuse cutting or shaving edges 2 and two acute 
shaving or cutting edges . The Working face 
surfaces of the teeth T between the grooves 0 
form a plurality of burnishing surfaces which, 
when the cutters are rotated in mesh with the 
work, gear under pressure, act to burnish uni 
formly the Working face Surfaces of the teeth 
of the work gear from end to end of the gear 
simultaneously as they are being shaved. 

It will be understood that the cutters 7, 8 and 
9 may be employed upon the usual burnishing 
machine and run in mesh with the work gear 
under pressure to shave and burnish the Working 
face surfaces of the teeth of the Work gear. In 
addition to practising the invention upon the 
usual burnishing machine, it might be practised 
by means of an attachment which could be Se 
cured to the table or slide of a machine tool, 
such as a milling machine, and corresponding 
to the attachment shown in my said copending 
application Serial No. 9,824. The attachment 
shown in my said copending application car 
ries two of the cutters and the Work gear while 
the third cutter is mounted on the spindle of the 
machine. Of course, the invention can be prac 
tised upon any apparatus capable of supporting 
a plurality of cutters in mesh. With the work gear 
on axes parallel to the axis thereof and rotating 
the same while applying a radial pressure feed 
therebetween. o 

It will be understood that the rotation of the 
cutters in mesh. With the Work gear causes the 
large number of cutting edges if and 2 formed 
by the plurality of staggered or offset circum 
ferential circular grooves 0 to take small cuts 
or shaving bites in the Working face surfaces of 
the teeth of the work gear, which cuts or shaving 
bites, due to the great number of staggered or 
offset cutting or shaving edges, lie so closely ad 
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4. 
jacent one another as to substantially overlap 
or merge together and to extend from end to end 
of the work gear in an axial direction. It will be 
seen that should there be any intervals between 
the shaving cuts or bites a slight axial play or 
movement of the cutters during the operation 
Would eliminate such intervals and would result 
in a complete overlapping of the shaving cuts or 
bites. 
Inasmuch as the shaving bites, or cuts taken 

by the cutting edges. and 2 are each exceed 
ingly small, the chips being like powder or the 
filings from a fine file, wherefore only relatively 
Small pressures are required, the cutters and 
Work gear may be rotated at high speeds, since 
relatively small torque is required to cause the 
cutters to perform their cutting or shaving action. 
upon the teeth of the Work gear. Also, during 
the rotation of the cutters in mesh with the Work 
gear under pressure, the Working face surfaces 
of the teeth T between the grooves rolling in 
mesh. With the working face surfaces of the 
teeth of the Work gear, act to burnish the latter 
and to provide the desired smoothness, compact. 
neSS and finish thereon. It has been found that, 
due to the Combined shaving and burnishing 
action, the teeth of the work gear are uniformly 
compacted and smoothed from end to end of the 
gear with less pressure than is required where 
a burnishing action only takes place. 
The simultaneous shaving and burnishing of 

the Working face surfaces of the teeth of the 
Work gear to the desired high degree of, accuracy 
and Smoothness and compactness is, due to the 
multiplicity of cutting edges if and 2 and the 
high Speeds of rotation of the cutters and work 
gears, accomplished in a very short time. 
ASSuming that the three helical cutters , 8 

and 9 each has thirty-one teeth, and, as ilius 
trated, are provided with four spaced circumfer 
ential circular grooves 0, it will be seen that 
each tooth of each cutter is divided by the four 
grooves into no less than five small shaving and 
burnishing teeth, each of which has four cutting 
or shaving edges. Therefore, since each tooth 
of each cutter is divided into five small shaving 
or burnishing teeth having four cutting edges 
each, each tooth of each cutter will have twenty 
cutting edges, and since each cutter has thirty 
One teeth it will have a total of 620 shaving or 
cutting edges, 310 being the edges and 310 
being the edges 2. The three cutters 7, 8 and 
9 combined will, of course, have in the aggre 
gate 1860 shaving or cutting edges to act upon 
the working face surfaces of the teeth of , the 
Work gear. . . . . . . 

On the basis of the shaving and burnishing 
Operation consuming twelve seconds, and as 
Suming that the cutters are rotated at a speed of 
400 R. P. M. it will be obvious that the cutters 
Will, during the twelve seconds required for the 
shaving and burnishing operation, each make 
eighty complete revolutions in mesh with the 
work gear, or a total combined number of 240 
revolutions in mesh with the work gear. . . 

In view of the multiplicity of cutting or shav 
ing edges on each cutter and the aggregate large 
number of the cutting or shaving edges on the 
three cutters, it will readily be seen that the 
working face surfaces of the teeth of the work 
gear are subjected to a great multiplicity of cut 
ting, or shaving bites when the Work gear is run 
in mesh with the cutters and under pressure 
during the shaving or burnishing operation. . 

2,28,026 
of the working face surface of one side of one 
of the teeth of the helical work gear 6, as illus 
trated in Fig. 4, the heavy lines a represent, the 
cuts taken by the cutting edges formed in one 
of the cutters by the grooves (), while the cuts 
taken by the cutting edges formed in the other 
cutters by the grooves are represented by the 
lines b and c, respectively. It will be understood 
that the distances between the lines a, b and c 
are exaggerated in the showing of Fig. 4, and 
actually the cuts represented by said lines would 
lie very closely adjacent each other so that a 
slight axial movement of the cutters would cause 
the cuts in practice to overlap. The action of 
the cutting edges A and 2 of the cutters upon 
the working face surfaces of the teeth of the 
Work gear is similar to the action of the cutting 
edges of the cutters, upon the teeth of the work 
gear, as shown and described in my above men 
tioned copending application, Serial No. 9,824, 
and it is believed need not be explained in great 
detail herein. The cutting action of the cut 
ting edges of the teeth of the cutter can be 
compared to the cutting action which would take 
place When a knife edge is brought into contact 
With a surface under pressure and Successively 
moved With Small increments of advance across 
the surface, with the engagement between the 
knife edge and the surface likened to a series 
of shearing chops. Since each cutter is pro 
vided with a multiplicity of cutting edges spaced 
axially of the cutter, and since the cutting edges 
in each cutter of the plurality of cutters are 
staggered with respect to the cutting edges of 
each of the other cutters, a great number of cuts 
or shearing chops will be taken in the working 
face surface of the gear, and these cuts or chops 
will be so closely juxtaposed as to substantially 
overlap. However, since the cutters are arranged 
to have axial play or can be given a slight axial 
movement, the cuts or chops taken by the cut 
ting edges of the cutters in the working face 
surfaces of the teeth of the gear will overlap and 
extend from end to end of the teeth of the gear. 

It will be seen that in the practice of the present 
invention gears can be finished in a minimum of 
time, since they are simultaneously shaved and 
burnished in a single operation. 
Inasmuch as it is only necessary to give rota 

tional movement to the intermeshed work gear 
and cutters, in addition to a radial pressure feed 
movement therebetween, While preferably allow 
ing a slight axial play or imparting a slight axial 
relative movement to the cutters and gear, to 
simultaneously shave and burnish the work gear, 
the invention may be readily practiced and em 
ployed to simultaneously shave and burnish a 
wide variety of gears, such as external and in 
ternal spur and helical gears, spline shaft gears, 
herringbone gears, and various other types of 
gears. 
In Fig. 5 of the drawing the cutters 3, 4 

and 5 differ from the cutters 7, 8 and 9 shown 
in Figs. 1 to 3 inclusive, in that they are in the 
form of spur gears, while the circular grooves 
f6 are disposed in planes intersecting the axes 
of the cutters at acute angles, whereas the grooves 
f0 are disposed in planes intersecting the axes of 
the cutters at right angles. The disposition of 
the grooves 6 at acute angles to the axes of 
the cutters has the advantage in the case of 
spur cutters of forming more acute cutting edges 
7 on the teeth of the cutters than would grooves 

arranged at right angles to the axes of the cut 
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ters. It will be understood that the cutters f3, 
Referring to the fragmentary developed view 4 and 5 operate upon Spur Work gears in a 75 



2,128,026 5 
manner similar to the operation of the cutters 
7, 8 and 9 upon helical working gears, and that 
the grooves in the various spur cutters are 
staggered or offset, and extend from the Outside 

5 diameters of the cutters to the roots of the teeth 
thereof. The expression "cutters of gear form 
corresponding to the work gear' as used in the 
description and claims hereof means that the 
cutters and the work gear are all of spur, helical 
or other gear form as distinguished for example 
from the cutters being of helical form and the 
Work gear of spur form. 
Although two embodiments of the invention 

have been illustrated and described herein, it 
15 should be understood that the invention is sus 

ceptible of various modifications and adaptations 
within the scope of the appended claims. 

Having thus described my invention I claim: 
1. The method of simultaneously shaving and 

20 burnishing gears which comprises positioning a 
Work gear in intermeshing relation with a plu 
rality of cutters of gear form and each hav 
ing a multiplicity of circumferential circular 
grooves extending through the teeth thereof and 

25 forming a multiplicity of cutting edges and bur 
nishing surfaces, the axes of the gear and cut 
ters being arranged in parallel relationship, and 
then rapidly rotating said intermeshed gear and 
cutters while applying radial pressure therebe 

30 tween to simultaneously shave and burnish the 
Working face Surfaces of the teeth of the gear. 

2. The method of simultaneously shaving and 
burnishing helical gears which comprises posi 
tioning a helical work gear in intermeshing rela 

35 tion with a plurality of helical cutters having a 
multiplicity of circumferential circular grooves 

be 

extending through the teeth thereof and form 
ing a multiplicity of cutting edges and burnish 

ing Surfaces, the axes of the cutters and gear be 
ing arranged in parallel relation and then rapid 
ly rotating said intermeshed gear and cutters 
while applying pressure radially therebetween to 
simultaneously shave and burnish the working 5 
face Surfaces of the teeth of the gear. 

3. The method of simultaneously shaving and 
burnishing gears which comprises positioning a 
work gear in intermeshing relation with a plu 
rality of cutters of gear form and each having a 10 
multiplicity of circumferential circular grooves 
extending through the teeth thereof and form 
ing a multiplicity of cutting edges and burnish 
ing surfaces with the grooves of each cutter 
staggered or offset with respect to the grooves lis 
of the other cutters, the axes of the gear and 
cutters being arranged in parallel relationship, 
and then rapidly rotating said intermeshed gear 
and cutters while applying radial pressure there 
between to simultaneously shave and burnish the 20 
Working face surfaces of the teeth of the gear. 

4. The method of simultaneously shaving and 
burnishing helical gears which comprises posi 
tioning a helical work gear in intermeshing re 
lation with a plurality of helical cutters each 25 
having a multiplicity of circumferential circular 
grooves extending through the teeth thereof and 
forming a multiplicity of cutting edges and bur 
nishing surfaces with the grooves of each cut 
ter offset or staggered with respect to the grooves 30 
of the other cutters the axes of the cutters and gear being arranged in parallel relationship, 
and then rapidly rotating said intermeshed gear 
and cutters while applying pressure radially there 
between to simultaneously shave and burnish the 35 
working face surfaces of the teeth of the gear. 
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