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Management Summary
It is well known that hobs with straight-sided teeth do not cut true involutes. In this paper, the difference between
the straight side of a hob tooth and the axial profile of an involute worm is evaluated. It is shown that the difference
increases as the diametral pitch increases, to the extent that for fine-pitch gearing, the difference is insignificant.

Introduction
The fact that hobs with straight-sided teeth do not cut
true involutes has been known for a long time. Buckingham
showed that the theoretical profile in the axial plane of an
involute hob is not a straight line (Ref. 1). And Vogel por-
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trayed an involute hob with curved—not straight-sided—
teeth in the axial plane (Ref. 2).

The purpose of this article is to determine the space (gap)
between the straight side of a hob tooth and the axial profile
of an involute worm.

Basic Geometry

The hob is really a worm with axial cutting gashes. A
relatively simple method of computing the axial profile of
an involute worm is based on an imaginary, triangular sheet
tangent to the base cylinder—such as shown in Figure 1 (and
in Ref. 2).

In Figure 2, the vertical line tangent to the base circle is
of the same length as a string unwound from the base circle.

The length of the line is r,(inv$ + n/2 )

where, from well-known equations:

r, = Rcos®

tan® = tan®d /cosy

R = N/2P

P = P cosy

And inv¢ is obtained from cos¢ = r,/r, from which the inv¢
=tand — ¢

where:

r is the radial distance to the involute and axial profiles
(Figs. 1-2).

In Figure 1, the plane tangent to the base cylinder is an
imaginary, triangular sheet that generates the helical tooth, in
continuved
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the same way that a point on a string generates a spur tooth.

The base helix angle (\|Ib) of the triangular sheet is found
from:
tany = 2nR/L and tany, = 2nr,/L

where:
L =2nR/tany = 27r,/tany,

where:
tany, = tany (r,/R)

-_u

Figure 1—Involute and axial profiles of an involute worm.
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Figure 2—Transverse section of an involute worm.
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where
r,/ R =Rcos® /R = cos®

S0,

tany, = tanycos®

The horizontal distance (X) from the vertex of the base

helix angle (y,) to the transverse plane containing the r value
is, from Figures 1 and 2:

r, (inv(]) + %]

tany, = M

X

: L
T (mv(]) + —]
x=_ 2 )
tany,

This equation can be thought of as being that for X versus
r in the axial plane.

To determine the gap between the hob and axial profiles
for a specified value of r, the straight side of the hob tooth is
superimposed on the axial profile at the reference radius (r =
R), as shown in Figure 3. It should be noted that the hob pro-
file is not tangent to the axial profile.

Numerical Example

It is not necessary to key in calculated values, because
they can be stored in and recalled from a pocket calculator,
such as the Hewlett Packard hp 33s, which can handle 12
digits.

Given P, =20, ®, =20°, A = 3°17"

Thus:

A =17'/60 + 3° = 3.283°

v =90°- A =86.71°

R = N/2P cosy = 1/220 cosy = 0.4365
tan®  =tan @ /cosy

() =81.05°

cos® =0.1554

r, = Rcos¢ = 0.0678

cosp  =r/R =Rcos®/R = cosD
invd = tan® — ® =4.940
tany, = tanycos® =2.709

r, [invq) + TE_]

X = = 0.1630 A)

tany,

In Figure 3, for the hob profile:
y=1/P, =0.05,
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or z=0.05 tan 20°=0.0181
S0,

X, +7=0.184242
For the axial profile:
r =R +y=0.4865
cos¢p =r[r,
[0 =81.98°

invg = tand — ¢ = 5.669

r, [inv(])+ n—)
x = 2 = 0181295 (4)
R+y
tany, ~ 0.181242=X,+z

Gap = 0.000053 inches

Conclusion

The gaps for various hobs are shown in Figure 4, wherein
it is seen that there is an excess of material on the hob adden-
dums (lack of material on gear addendums) and a lack of
material on the hob dedendums (excess of material on gear
addendums).

Figure 4 also shows that the gaps decrease as the diam-
etral pitch increases. Indeed, for an 80-diametral pitch hob
with 1°10" lead angle, the largest gap is only one micro-inch.
Conversely, for a 3.6-diametral pitch hob with 4°43" lead
angle, the largest gap is 0.0007 inches.

In the fine-pitch field, therefore, the effect of straight-
sided hob teeth is negligible. As Louis Martin, chairman of
the AMGA Fine-Pitch Committee from its inception in 1941
until 1953, stated (Ref. 3):

“The glaring mistake that has been made by the gear
industry is to try to relate fine-pitch requirements with expe-
rience gathered from the coarse-pitch field.” £}
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Figure 3—Determination of gap between hob and axial pro-
files.
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Figure 4—Gaps between hob and axial profiles for various
hobs.
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