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GEARS FOR GEAR HOBBING 43

would have to make less than one complete revolution for each sixty-
four revolutions of the hob, the blank in this case being revolved
in the opposite direction. It will thus be seen that when cutting a gear
of the same “hand” as the hob, the table must revolve slightly faster
than it would have to do when cutting a spur gear with the same
number of teeth; but when the hob and the gear are of opposite
“hand,” the table must revolve more slowly than when cutting a spur
gear. This has an important bearing upon the formula we are about
to comnstruct.

To gear the machine properly we must first find the ratio according
to which the table is required to lag behind or lead ahead of its
natural speed relative to the hob. In the first formula devised by the
writer for the hobbing of spiral gears, the ratio was arrived at by
considering the number of revolutions made by the hob, while the table

Maokinerye

Fig. 99. Di Ad Required in Table Motion when
cnﬁu.mmmemvlth.mm Hob

makes one full revolution. The formula thus constructed for the No. 1
Farwell gear-hobbing machine is:
30 X No. of threads on hodb P

No. of teeth + [(feed X tan. of angle) <+ circ. pitch] p
This applies only to one particular machine. A later formula
designed for the No. 3 Farwell machine, as shown in Fig. 24, considers
the number of table revolutions required while the hob revolves a
sufficient number of times to represent one revolution of the table,
i1 we were cutting a spur gear:

20
Pitoh circumference + (feed X tan of angle) P
(8 X No. of Teeth) + No. of threads on hob

Being called upon to derive another formula to be used for the
new No. 3 Farwell universal hobbing machine, it occurred to the
writer that a formula adapted to all hobbing machines would avoid
much confusion. In the following is given the process by which such
a formula was derived; the result is a simpler formula than any
previously used.
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Use 4 sign when gear and hob are of opposite “hand,” and — sign
when they are of the same “hand.”

In cutting teeth at large angles it is desirable to have the hob the
same hand as the gear, so that the direction of the cut will come against
the movement of the blank, but at ordinary angles one hob will cut
both right- and left-hand gears.

The actual feed of the cutter depends upon the angle of the teeth as
well a8 on the vertical movement of the hob. This is obtained by
dividing the vertical feed by the cosine of the tooth angle; thus:

0.03125

0.70711

The last computation need not be made except to see that we are
not figuring on too heavy a cut, as it has nothing to do with the gear-
ing of the hobbing machine. In setting up a hobbing machine for
spiral gears, care should be taken to see that the vertical feed does
not trip until the machine has been stopped or the hob has fed down
clear of the finished gear. Should the feed stop while the hodb is still
in mesh with the gear and revolving at the ratio required to generate
a spiral, the hob will cut into the teeth and spoil the gear.

Should the thread angle of the hob be exactly equal to the tooth
angle of the spiral gear, and both hob and gear be the same “hand,” the
axis of the hob spindle will be at right angles to the axis of the gear.
This is in conformity with the rule that when hob and gear are of
the same “hand,” the hob spindle is set at the tooth angle minus
the thread angle of the hob. In cutting a spiral gear to take the
place of a worm-wheel, it is posgible to use the same hob that was
used in cutting the worm-wheel. This would be a case where it is
not necessary to tilt the hob spindle. Sometimes multiple-threaded
hobs are used in order to make the thread angle approximately equal
to the tooth angle, when it is desired to cut spiral gears with machines
on which the hob spindle swivels through only a small angle.

=0.043 inch actual feed.



CHAPTER V

THH SHTTING OF THE TABLE WHEN MILLING
SPIRAL GEARS*

It has been frequently stated that the most suitable angle (and the
one most likely to produce the best results) at which to set the table
of the milling machine when milling spiral gears, is that corresponding
either to the diameter of the gear measured at the bottom of the
space, or to the diameter measured at the working depth. The reason
invariably adduced for this is that, if the angle chosen is the angle
of the spiral measured on the pitch cylinder of the gear, an undue
amount of undercutting, and therefore weakening, of the teeth will

DA
AL

@ == ANGLE OF - TABL®

¥Fig. 80. Bhapes of Teeth obtained by Setting the Table as Different
Angles, Cutter and Lead remaining the same

occur, owing to an excessive amount of interference with the sides
of the teeth on the part of the cutter; and that, therefore, a somewhat
smaller angle should be selected to reduce these effects.

To determine whether there was, practically, anything in this idea
or not, some experiments were recently made on a spiral gear, the
immediate object of the experiments being to find out what the effect
of altering the angle of setting of the milling machine table was upon
the shape of the tooth cut.

The experiments were made upon a cast-iron gear, with a pitch
diameter of 4.242 inches, and designed for 24 teeth, the diametral
pitch (corresponding to the normal circular pitch) being 8. The

N

correct cutter to use was determined by the formula N,= —
cos 'a

*MACHINERY, Engineering Edition, June, 1911.
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this cutter being No. 3 in each of the cases dealt with. The experf.
ments consisted of cutting six teeth in the gear blank, all being of
the same depth, the angle of setting of the table of the milling ma-
‘chine being different in each of the six cases. The spiral amgle
measured on the pitch cylinder was 45 degrees, the lead of the spiral
being 13.32 inches, for which the gears of the spiral dividing-head were
arranged. The six spirals chosen were at angles of 45, 44, 43, 42, 41, and
40 degrees, each tooth being formed by two cuts at one angle, the
lead of the spiral remaining the same throughout the series of tests.
It should be here noted that 43 degrees is the angle which corresponds
to the diameter measured at the bottom of the space.

The profiles of the teeth taken as sections normal to the spiral on
the pitch surface are indicated in Fig. 30, the profiles being drawn ac-

TABLE OF OBSERVED TOOTH DIMENSIONS

:‘d ‘Width of Tooth at a Depth of Inches

Setting,

Degrees 0 0.050 0.100 0.125 0.150 0.200 0.250
45 |0.104 | 0.145 | 0.185 | 0.200 | 0.208 | 0.221 | 0.290
44 0102 | 0,144 | 0181 | 0.195 | 0.202 | 0.220 | 0 288
48 |0.099 | 0,143 | 0.176 | 0.188 | 0.200 | 0.218 | 0.288
43 |0.004]0.185 | 0,168 | 0.180 | 0.196 | 0.215 | 0 284
41 |0.087]0:128 | 0,158 | 0,171 | 0.185 | 0.211 | 0 282
40 |0.078 | 0,115 [ 0,146 | 0.158 | 0171 | 0.205 | 0.280

curately to scale—three times full size. The various widths of the
teeth at different depths were obtained as accurately as possible by
means of a Brown & Sharpe gear-tooth vernier caliper. These widths
are given in the accompanying table. Of course, it will be readily
seen that although great care was exercised in securing measurements
that would be as accurate as possible, the dimensions given above may
be incorrect by about one or two thousandths inch, but not more.

In regard to the shapes of the teeth, it will be noticed that the 45-
degree tooth is slightly undercut at the root, while the other teeth do
not show any undercutting whatever. The undercutting referred to in
the 456-degree tooth amounts to a reduction in width below the widest
part of the tooth of about 0.010 inch.

The deductions drawn from the results of these tests are:

1. That the practice of setting the table at an angle less than the
spiral or helix angle measured on the pitch surface is justified;
though this angle should not be less than the spiral or helix angle
measured at the bottom of the tooth. L&,

2. That a cutter for a larger number of teeth than that given by the

formula N,=

should be employed, in order to counteract the
cos *a

flattening and widening effect of the cutter with an angle as indicated

above.
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