The Process of

Gear Shaving

by
John P. Dugas
National Broach & Machine
A Division of Lear Siegler, Inc.
Mt. Clemens, Michigan

40 Gear Technology

BACK TO BASICS...

Gear shaving is a free-cutting gear finishing operation
which removes small amounts of metal from the working sur-
faces of the gear teeth. Its purpose is to correct errors in in-
dex, helical angle, tooth profile and eccentricity. The pro-
cess can also improve tooth surface finish and eliminate, by
crowned tooth forms, the danger of tooth end load concen-
trations in service. Shaving provides for form modifications
that reduce gear noise, These modifications can also increase
the gear’s load carrying capacity, its factor of safety and its
service life.

Gear finishing (shaving) is not to be confused with gear
cutting (roughing). They are essentially different. Any
machine designed primarily for one cannot be expected to
do both with equal effectiveness, or equal economy.

Gear shaving is the logical remedy for the inaccuracies in-
herent in gear cutting. It is equally effective as a control for
these troublesome distortions caused by heat treatment.

The form of the shaving cutters can be re-ground to make
crown and profile allowance for different heat treatment
movements due to varying heats of steel, The gear shaving
machine can also be reset to make allowance for lead change
in heat treatment.

The gear shaving process can be performed at a high pro-
duction rate. Machines are available to shave external spur
or helical gears up to 180" in diameter, Other machines are
also available for internal spur or helical gears.

For best results of shaving, the hardness of the gear should
not exceed 30-32 Rc scale. When stock removal is kept to
the recommended limits, and gears are properly qualified,
the shaving process will finish gear teeth in the 7 to 10 pitch
range to the following accuracies: involute profile .0002;
tooth-to-tooth spacing .0003; lead or parallelism .0002. In
any event, it should be remembered that gear shaving can
remove 65 to 80% of the errors in the hobbed or shaped gear.
It will make a good gear better. The quality of the shaved
gear is dependent to a large degree upon having good hobbed
or shaped gear teeth.

Basic Principles of Gear Shaving
The rotary gear shaving process uses a gashed rotary cut-
ter, (Fig. 1), in the form of a helical gear having a helix angle
different from that of the gear to be shaved.
When the cutter and work gear are thus rotated in close
mesh, the edge of each gash, as it moves over the surface
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of a work gear tooth, shaves a fine hair-like chip, somewhat
like that produced by a diamond boring tool.

The finer the cut, the less the pressure required between
tool and work, eliminating the tendency to cold-work the
surface metal of the work gear teeth.

' This process is utilized in a shaving machine, (Fig. 2), which
has a motor-driven cutter head and a reciprocating work
table. The cutter head is adjustable to obtain the desired cross-
ed axes relationship with the work. The work, carried bet-
ween live centers, is driven by the cutter.

During the shaving cycle, the work is reciprocated parallel
to its axis across the face of the cutter and up-fed an incre-
ment into the cutter with each stroke of the table. This shav-
ing cycle (axial) is one of several methods.

The Crossed Axes Principle

To visualize the crossed axes principle, consider two

parallel cylinders of the same length and diameter (Fig. 3).

. When brought together under pressure, their common con-

| tact surface is a rectangle having the length of a cylinder and

width which varies with contact pressure and cylinder
diameter.

When one of these cylinders is swung around, so that the

angle between its axis and that of the other cylinder is in-

creased up to 90 degress, their common contact plane remains

CLEARANCE
HOLES

/
L— GASHES S—
(SERRATIONS) [

Fig. 1~ Work gear in crossed axes mesh with rotary shaving cutter mounted
above,
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Fig. 2— Operating components of a knee-and-column type shaving machine,
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Fig. 3— How the contact between cylinders changes as the angle between
their axes is varied.

a parallelogram, but its area steadily decreases as the axial
angle increases.

The same conditions prevail when, instead of the two plain
cylinders, a shaving cutter and a work gear are meshed
together. When the angle between their axes is from 10° to
15°, tooth surface contact is reduced and pressure required
for cutting is small.

For shaving, the cutter and work gear axes are crossed at
an angle usually in the range of 10 to 15° or approximately
equal to the difference of their helical angles.

Crossing of the axes produces reasonable uniform diagonal
sliding action from the tip of the teeth to the root. This not_
only compensates for the non-uniform action typical of gears
in mesh on parallel axes, but also provides the necessary
shearing action for metal removal.

Relation Between Cutting and Guiding Action

Increasing the angle between the cutter and work gear axes
increases cutting action but, as this reduces the width of the
contact zone, guiding action is sacrificed. Conversely, guiding
action can be increased by reducing the angle of crossed axes,
but at the expense of cutting action. At zero angle, there is
no cutting,

The spur and helical gears at the left in (Fig. 4), were shaved
without table reciprocation. They show the band of cutter
contact less than gear face width: and also a deeper cut in
the middle of the gear than on either side.

The gears in the center of (Fig. 4), were shaved with only
about 1/4 in. table reciprocation. The profiles of these teeth
are perfect over the distance of reciprocation, but they fade
out at each end. The chordal thickness along this 1/4 in.
length is less than that at the ends.

Fig. 4 - The cut developed with varying amounts of cutter reciprocation in shaving spur gears, top, and helical gears, bottom,
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THE PROCESS OF GEAR SHAVING . .
(continued from page 46)

Supplementary 7
E-5 ON READER REPLY CARD

LOWER GRINDING COST . . .
(continued from page 21)

the trueing costs (not included here) these constitute the pro-
duction costs per flute. This shows that corundum grinding
is about 30% more expensive than CBN grinding. The
superioity of CBN is likely to increase still further, assuming
a rise in the labor and machine costs which determine pro-

Fig. 17— CBN grinds more economically than corundum and gives better
quality
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duction costs. Moreover, further developments may be ex-
pected in the relatively young CBN technology, on the basis
of ongoing progress in fundamental knowledge.

Summary

One of the main problems in the application of CBN wheels
is the correct economical and technological design of the
dressing process, i.e. trueing and sharpening. This paper
presents methods for optimizing the dressing process, and in
particular, the sharpening process. A process model for
sharpening with a corundum sharpening stick is presented.
The chip space of the grinding wheel is described as a tunc-
tion of wheel specification, setting parameters and duration
of the sharpening process. The model for description of
sharpening results can be used directly in practical applica-
tion, since it includes only variables that can be regarded as
known when the process design is made.

The technological advantages offered by the use of CBN
must be offset against the main disadvantage of high grind-
ing wheel cost. As the tool costs per workpiece are mainly
influenced by wheel wear, the result of the present investiga-
tions show possibilities of improving wear behavior by adap-
tation of the grinding wheel specification. Possible measures
might be the selection of suitable grit size, the use of a harder
bond and an increase in grit concentration, An increase in
grit concentration makes the grinding wheel more expensive,
but in return it gives a clear improvement in the length of
service life.

The machine concepts were also discussed as the prere-
quisite for economic application of this process. The follow-
ing must be particularly stressed: high rigidity of the machine,
high cutting speeds and drive powers and automated true-
ing and sharpening systems.

If the process is properly designed, it is at present possible
to reduce the production costs per drill flute by approximately
30% as compared with corundum grinding.
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