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gear shaper cutter is actually a gear with

relieved cutting edges and increased

addendum for providing clearance in the

root of the gear being cut. The maximum
outside diameter of such a cutter is limited to the
diameter at which the teeth become pointed. The
minimum diameter occurs when the outside diam-
eter of the cutter and the base circle are the same.
These theoretical extremes, coupled with the side
clearance, which is normally 2° for coarse pitch
cutters and 1.5° for cutters approximately 24-pitch
and finer, will determine the theoretical face width
of a cutter.

At some point between the theoretical out-
side diameter extremes, there lies a desirable
shaper cutter design. There are several factors
that will limit the outside diameter, one being
the necessity of ensuring that a reasonable
amount of land remains on the tips of the cutter
teeth. This amount ranges from a minimum of
.100" on a 2-pitch cutter to .002" at 200 pitch.
For example, a 6-pitch, 20° pressure angle cutter
will have a minimum tip land of .060".
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Fig. 1 — Cutter clearance angles and the sharpening angle.
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All outside diameters of gear shaper cutters
are ground to be tapered at the outside angle. This
angle is so calculated as to produce a constant
tooth thickness and depth of cut at the new and
the approximate life positions of the cutter. The
amount of this outside angle is dependent upon
the operating pressure angle between the cutter
and the work and the amount of the side clear-
ance. These angles range from approximately 4°
on a 30° pressure angle, 2° side clearance, up to
7.5°-8° on a 14.5° pressure angle and 2° side
clearance (Fig. 1).

There are some cases where it is desirable to
have a minor change in the involute from the
Start of Active Profile (SAP) point to the out-
side diameter. This is quite common in finish
cutting to alter bearing patterns, especially on
heat treated parts, or to help improve profile in
shaving operations. Most spur gear shaper cut-
ters in the coarse pitch range are made with 2°
side clearance angles and a 5° face angle. On
this basis a 1° change in face angle will result in
a .0013" change in profile on a I-pitch rack.
Other pitches are proportional; i.e., on a 6 DP
gear, the change would be .0013/6" or .000217".

A higher face angle, say 8°, would result in a
lower pressure angle or a plus involute of .00065"
on a 6 DP gear. Conversely, a 2° face angle would
result in a higher pressure angle or a minus involute
of .00065" on the same 6 DP gear. Generally, face
angles of less than 0° or above 10° are not recom-
mended. An angle of 10° weakens the cutting tool
edges and makes tools more prone to chipping.
Relieving the tip approximately to the corner break
at 0° face angle to improve cutter life is a common
procedure on coarse pitch work (Fig. 2).

Fig. 2 shows the effect of changing the face to
change the pressure angle produced. This will
also change the amount of stock on the involute at
the tip of the gear.

A Word of Caution: We have seen in Fig. 2
how changing the face angle can change the pres-
sure angle. If one is not careful in sharpening the
shaper cutter at the designated face angle, then an



error in involute can be inadvertently imposed on
the part being cut.
How to determine a new outside diameter and

the new tooth thickness after a grind back or a ;

design reduction is shown below.

New OD = OD -2 * GB * Tan(ODA) (1)

arcT GB* Tan (SCA) ] @

New arc T = PD*[

OD = Outside Diameter
GB = Grind Back
ODA = Outside Diameter Angle
arcT = Arc Tooth Thickness at Pitch Diameter
PD = Pitch Diameter
SCA = Side Clearance Angle
BR = Base Radius
In Equation 2, the fraction of GB * Tan (SCA)
BR

is a small arc on the base diameter, asis _7T .
PD

Equation 2 is simply the arc length formula of L —

a -t

r, where L is the arc length, a is the angle
under the arc and r is the radius.

Fig. 3 shows the angles involved in finding the
new tooth thickness after a grind back. Remember
the formula for arc length: L = a * r

where:

L = Arc Length

a = Central Angle in Radians Described by the Arc !

r = Radius to the Arc

Cutter manufacturers may define the side :

clearance angle either at the pitch diameter or the
base diameter. If the SCA is defined at the pitch
diameter, it may be converted to an angle on the
base diameter.

Treating the SCA as a helix angle, we can use
the proportion below to express the SCA at the
base diameter.

Tan(SCA at BD)
BD

Tan(SCA at BD) =

= Tan(SCA at PD)
PD

BD * Tan(SCA at PD) (4)
PD

(3)

The proportion in Equation 3 was derived
from the formula for lead and the fact that the
lead is constant and only the diameter and helix
will change.

In cases where a cutter is designed to produce
a specific part, the outside diameter of the cutter is
determined so that the generated fillet or trochoid
does not come above the start of active profile
(SAP) or form diameter, based on the cutter hav-
ing normal cornering (Fig. 4). The minimum
diameter is designed to avoid excessive tip modi-
fication in the case of large gears or to avoid
excessive undercut when cutting low pressure
angle gears with small numbers of teeth ( Fig. 5).

Types of Shaper Cutters
Disc Cutter. These are the common pancake-
type blanks with a minimum extended hub. Sizes
normally run from 1" pitch diameter with a 1/2"
hole up to 8" or 9" with 4" holes for use on larg-
er capacity gear shapers. Most gear shaper cutters
for modern gear shapers are equipped with
unaligned driving keys to prevent cutters from

Fig. 3 — Angles involved in finding the new tooth thickness after a grind back.
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