Small-Module Gear Design
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With small-module gear design, how does one define pressure angle
and module? Which factor should we take into account?
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Gears with a diametral pitch 20 and
greater, or a module 1.25 millimeters
and lower, are called fine-pitch or low-
module gears. The design of these gears
has its own specifics. A small tooth size
makes fine-pitch gears more sensitive to
manufacturing tolerances and operating
conditions than the coarse-pitch gears.

Manufacturing tolerances include gear
tolerances (tooth tip diameter, tooth
thickness at the pitch diameter, and run-
out); housing center distance tolerance;
allowable gear axis misalignment; etc.
Operating conditions may include the
gear housing and shafts deflection under
load; a temperature range resulting from
gear drive component thermal expan-
sion or shrinkage (especially for dissim-
ilar materials); and a humidity range
that affects some plastic components. All
these factors should be taken into con-
sideration for fine-pitch gear design.

For a given gear accuracy grade, the
fine-pitch gear tolerances relative to the
tooth size are much greater in compar-
ison to coarse-pitch gears. For exam-
ple, according to the AGMA 2000-A88
accuracy standard, the grade Q8 total
composite tolerance (aka TTE) for a
0.3 millimeter module, 30-tooth gear is
0.036 millimeters, but for a 3.0 millime-
ter module, 30-tooth gear it is 0.110 mil-
limeters. The gear size is increased by 10
times, but the TTE is increased only by
3 times. Another example: according to
the ISO 1328-2 accuracy standard, the
grade 8 runout tolerance for gears with
a pitch diameter between 20 and 50 mil-
limeters and module between 0.5 and
2.0millimeters is 0.032 millimeters. The
gear pitch diameter and tooth size (mod-
ule) can vary 2.5 and 4 times, accord-

ingly, but the run-out tolerance remains
the same. This explains why the given
tolerance for the gearbox housing center
distance is easy to absorb by coarse-pitch
gears, rather than the fine-pitch ones
that could have a contact ratio below
1.0 —or even totally separated when the
center distance is at its maximum value.
A wide operating temperature range
for dissimilar material gears and hous-
ing aggravates this problem. For exam-
ple, steel fine-pitch gears inside an alu-
minum housing may properly work at
ambient temperature, but at high operat-
ing temperature the center distance will
be increased because of greater housing
expansion, and fine-pitch gears could
be separated. An opposite issue arises
when fine-pitch plastic gears are in an
aluminum housing. At cold tempera-
ture the fine-pitch plastic gears are get-
ting smaller and could get separated; at
high temperature they grow greater than
the housing and could become jammed.
Some gear polymers, like nylons, are also
sensitive to humidity. They are smaller
at dry conditions and grow with high
humidity.

The following recommendations
should be helpful for fine-pitch gear
design:

Machined gears should be designed
with reasonably high accuracy to min-
imize critical gear tolerances, like the
tooth tip diameter, tooth thickness, and
run-out tolerances. Unfortunately, this
is not always possible with some gear-
forming-fabrication technologies, such
as powder metal processing and injec-
tion plastic molding.

When possible, minimize housing
center distance tolerance and bearing or
bushing gaps.

Maximize the gear tooth size. For
example, replace the module 0.2 mil-
limeter, 20-tooth gear with a module
0.4 millimter, 10-tooth gear. The mating
gear number of teeth should be changed
according to the required gear ratio; this
will also increase gear tooth bending
strength. For standard gears, the pp posi-
tive addendum modification (X-shift)
should be applied to avoid a low number
of tooth gear root fillet undercut.

The standard gear tooth proportions
with 20 degree or 14.5 degree pressure

Figure 1

Gear meshes of 10 and 40 tooth gears; a—standard (pressure angle 20°, X-shifts 0 and

0, contact ratio 1.08), b—standard (pressure angle 20°, X-shifts +0.5 and -0.5, contact ratio 1.40),
c—nonstandard (pressure angle 22.5°, contact ratio 1.70)

74 GEARTECHNOLOGY | November/December 2014

[www.geartechnology.com]



SANDVIK

Pioneering solutions for years
to come

Every day, we're in customer shops solving new machining challenges,
finding ways to help them meet ever-increasing demands for quality,
cost efficiency and productivity.

We're developing new tooling solutions to machine complex
components in materials we didn’t even dream of years ago.

Visit our website to see the new tools and solutions we've
developed to help your business stay profitable well into the future.

Meet your future goals here.

www.sandvik.coromant.com



ask the expert

angles and addendum coefficient 1.0
work well for commercial-application,
coarse-pitch gears. In many cases, how-
ever, they are not suitable for fine-pitch
gears. An effective alternative for fine-
pitch gears is the application of non-stan-
dard gear tooth proportions. Length of
the effective involute profile should be
increased to make the tooth as long as
possible, just avoiding pointed tips. The
root fillet should be formed accordingly,
also avoiding interference. Long teeth are
better suited to accommodate the center
distance deviation at any tolerance com-
bination. The recommended operating
pressure angle range is 20-25 degrees;
the tooth tip radii or chamfers should be
minimized. Examples of standard gear
meshes with and without addendum
modification, and a non-standard gear
mesh are shown in Figure 1.

When the gear design is done it
should be verified by the tolerance and
(if necessary) thermal analysis. Such
analysis defines critical gear mesh
parameters, minimum/maximum values
of contact ratio, normal backlash, root
radial clearance at extreme tolerance

combinations and operating conditions.
For example: with steel external gears
and aluminum housing, the maximum
contact ratio, and the minimum, normal
backlash and root radial clearance val-
ues are achieved at minimum operating
temperature, minimum center distance,
maximum tooth thickness and tooth tip
diameter, and when the maximum run-
out reduces the effective center distance.
Then the minimum contact ratio, and
the maximum normal backlash and root
radial clearance values are achieved at
maximum operating temperature, maxi-
mum center distance, minimum tooth
thickness and tooth tip diameter, and
when the maximum run-out increases
the effective center distance.

More details about nonstandard gear
design and tolerance analysis can be
found in Kapelevich’s book, Direct Gear
Design, CRC Press, 2013.. ©
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