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Gear Shaving Basics - Part I
John P. Dugas
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tions can be kept to a minimum. 'the most
inexpensive way to produce an accurate"
quiet. high-performance gear i to specify hobbing followed by gear shaving ..
Th
having proees u e
variety of
randardized production equipment ranging from hand loading t fully automatic
loading and unloading.
Basic Principl
The rotary gear having proce
is
based on fundamental principle.
This
'process u e a gashed rotary euuer in the
fonn of a helical gear having a helix
angle different from 'thal of ttl gear to be
hayed. The axe of the cutter and the
gear are ceo sed at a predetennined angle
during the ' having operation. When the
cutter and the work gear are rotated in
do e mesh, the edge of each cutter gash
shaves a fine hair-like chip as it moves
over the surface of a work ,gear tooth.
The finer the cut. the le s the pre ure
required between tooll and work, eliminating the tendency to cold-work 'the surface metal of the work: gear teeth.
This proees is performed ma shaving machine, which has ,3 motor-driven
eujter head and a reciprocating work
table. The cutter head is, adjlllSlable [0
obtain !'he desired era sed axis relationhip with the work. The work: carried
between live centers is driven by lh cutter. During the having cycle, 'the work i
reciprocated parallel to its axis aero the
face of lbe cutter and upfcd an increment
into 'the cutler with each sl1'oke of the
table, This conventional. shaving, cyclei
one of everal method .
The Crossed-Axi .Princip e
To visualize the ere sed-axis principle, con ider two parallel cylinders of
the arne diameter (Fig. 3). When
brought (,ogeiber ullder pressure, their
commoa comact urface is a rectangle
ha.Ying the length of a cylilnder and
width which varie with contact pressure and cylinder diameter.
When one of these cylinders is swung
around. 0 that the angle between its axis
and that. of the other cylinder is increased
'Up '10 9O°,their common plane remains a
parallelogram,
but its area steadily
decreases as the 8xi31 angle increases.
The
arne conditions
prevail when
in tead of the two plain cylinders. a hav-
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iagcutter and ill work gear are meshed
together. When the angle between their
axes is from 10<> to 15", toothsurface contact is reduced, and the pressure required
for cutting is small. As the work gear is
moved away axially from the point of
intersection of the axes, backlash develops .. Conversely, as it is returned to the
point of axial in~ersectjon, backlash
decreases until. the two members engage
in tight mesh w:ith the teeth of the cutter
wedging between those of the work gear.
Thus, each succeeding cutting edge sinks
deeper into the work: gear tooth until the
point of axial intersection is reached.
For shaving, the cutter and work gear
axes are crossed at an' angJ'e usually ill the

range of 10" to ]5" or approximately
equal to the difference [II their angles.
Crossing the axes produces reasonably
uniform diagona] sliding action from the
tip of the teeth to the root. This not only
compensates for the nonuniform involute
action typical of gears in mesh on parallel
axes, but provides the necessary shearing
action for stock removal.
Relationship' Between Cutting
& Guiding Action
Increasing the angle between the cutter and work 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
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crossed axes, but at the expense of cutting action.
Prepar.ation Prior to Shaving
The first consideration in manufacturing a gear is to select the locating surfaces and use theml.ltroughout
the
process sequence. Close relationship
between the locating surface and the face
of the gear itself mest be held. Otherwise,
when the teeth are cut and finished with
tooling that necessarily contacts the gear
fa"ces,!.he teeth will be in an improper
relationship with 'the locating or related
surface on which the gear operates. Gears
that locate on round diameters or spline
teeth must fit the work arbors closely or
,these critical hole-to-face relationsmps
wiII be destroyed.
Typical manufacturing tolerances for
gear blanks prior to cutting of the teeth
are shown in Table l.
Once the gear blank has been manufactured, it. is necessary to cut the gear
teeth. The most common methods today
for rough-cutting gear reeth are hob bing
and shaper cutting. Of primary concern
to the having cutter manufacturer is the
fillet produced by the roughing operation. The tips of the shaving cutter teeth
must not contact the gear root fillet during the shaving operation. If such contact does occur, excessive wear of the
cutter results, and the accuracy of the
involute profile is affected.
The shaving cutter just finishes the
gear tooth below its active profile. Thus,
the height of the fillet should not exceed
the lowest point of contact between the
shaving cutter teeth and the teeth. on the
work gear..
Protuberance type hobs and shaper
cutters are often used prior to shaving
to produce a slight undercut or relief
near the base of the gear tooth. This
method assures a smooth blending of
the shaved tooth profile and. the
unshaved tooth fillet, as well as reducing shaving cutter tooth tip wear (Fig.
4), The amount of undercut produced
by the protuberance type tool should
be made for the thin end of the tooth.
The position of the undercut should be
such that its upper margin meets the
involute profile at a point below its
contact diameter.
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Shaving Stock
The amount of stock removed during

the shaving process is a key to its SUlCcessful application. Sufficient stock
should be removed to permit correction
of errors in the preshaved teeth.
However, if too much stock is removed,
cutter life and part accuracy are effectively reduced,
Table 2 shows the recommended
amounts of stock to be removed during the
shaving operations and the correspondiag
amount of' undercut required. 0

Fig'. 4: -

Undercut produced bV protuberance
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hob and basic hob tooth form.

TABLE 1 - TYPICAL GEAR BLANK TOLERANCE

Blank
Dia ..
In.

Face
Runout
In.

Hole
Size
In.

Hole
Tape
In./In.

Hole
Roundness
I".-Max.

Up to 1
l-in

0.00030.0005

0.00030,0006

0.00020.'0003

0.00020,0003

O.'D.
O.D.
In.-Max.

Runout
iln.

0.003

0.003

John P.Dugas

Thick

1-4, up
to 1 in.
Thick

4 to a,

8 to 12

0.00040.'0008

0.00050.001

0.0002-

0.00030.0005

0.005

0.0003

0.00060.0012

0.00080.0012

0.00020.0003

0.00040.0006

0.005

0.0010.002

0.0010.001'5

0.00020.0003

0.00050.0007

0.005

TABLE 2 - RECOMMENDED
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Normal Diametral
Pitch

Shaving, Stock
(In. per Side of loath

2-4

0.0015-0.0020

0.00.25rlJ.0030

5-6

0.0012-0.0018

0.0023-0.0028

7-10

0.0010-0.0015

1),0015-0.0020

lH4

0.0008--0.0013

0.0012-0.00 17

16-18

0.0005-0.0010

20-48

0.0003-0.0008

52-12

0.0001-0.0003
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0.005

0.008

SHAVING STOCK AND UNDERCUT FOR PRESHAVED GEARS.

1

The second half of this article, covering
shaving methods and design, will appear
in our Jan/Feb, 1998, issue.

Total Undercut
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