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The tool profile
of molded
plastic gears can
be predicted
mathematically
for more
efficient mold
development.

Improved engineering plas-
tics with better material
properties have led to an
increase in the use of plastic
molded gears in mechani-

cal drives. The cost efficiency of
replicating geometries through
molding has also increased their
use. With this growth has come
greater demand for delivering
new drives to the market faster.
Reducing the number of steps in
mold development reduces prod-
uct-development schedules; one
way to reduce steps is with care-
ful, systematic design work that
hones in on the best solution
quickly. For precision plastic
parts (and in particular, plastic
molded gears) analysis with soft-
ware significantly accelerates the
development of fully qualified
molds. Here we’ll explore one
such analysis system called the
genetic molding solution,
which eliminates the art compo-
nent of final cavity prediction re-
placing it with a scientific ap-
proach to cavity definition
through direct calculation.

The process of defining a gear

tool cavity begins with the
desired profile, which is typically
scaled up by a linear mold shrink-
age coefficient provided by the
material supplier. Though com-
mon, simply scaling up a mold’s
size is not appropriate for making
precision gears because shrinkage
rates for the outer diameter, root
diameter, and tooth thickness all
vary. (Refer to pending AGMA
Standard 909-AXX, Appendix D
for more information on this.)
The actual shrinkage depends on
the particular gear geometry, ma-
terial properties, and molding
process used, and is defined ex-
perimentally. These empirically
derived shrink rates can be ap-
plied to the critical gear dimen-
sions to create the desired part
profile. Called the differential
shrinkage method, this technique
works well if the gear body is sim-
ple, such as a flat, uniform disk.
(In this case, the injection gates
should be symmetrically located
around the center of the gear.)

But not all gear parts are sim-
ple in shape; in fact, many are
quite complex. This is true for a
couple reasons. To increase prod-
uct reliability and take full advan-
tage of plastic molding’s cost effi-
ciency, designers often combine
gears with other components
into one integrated part or one
over-molded assembly. These
complex parts often require that
injection gates be located outside
the gear center. In addition, large
gear bodies often require alter-
ations — ribs, spokes, or cored
holes — to reduce plastic mass
and avoid surface sinking, voids,
and cracks. These additional de-
sign requirements limit the suc-
cess of the differential shrinkage
method.

The definition of the gear
mold cavity profile becomes a se-
rious challenge that is often ad-
dressed through trial and error.
With this “educated guess”
method, each successive mold
cavity is designed to compensate
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for errors introduced by the pre-
vious one. This can take a consid-
erable amount of time (not to
mention several mold cavities) to
achieve the desired gear profile.

To speed up mold qualification,
trial and error is sometimes com-
bined with tweaking of the mold-
ing process
pa-

rameters. Success of this ap-
proach is greatly dependent on
the molder’s experience with sim-
ilar parts from similar materials.

This means every new gear
configuration and new ma-

terial presents a new chal-
lenge — so with this tech-
nique, mold cavity defini-
tion is more of an art than
a science. The need to

make several iterations of
the cavity during the molding

process development wastes time
and resources.

There are more scientific
methods to define the final cavity
profile. They typically use finite
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Molding process development and optimization

Target gear profile
First data set

Preliminary cavity
designed profile

Actual profile
Second data set Molding process

optimization

One example
The green gear shown is an example
of the genetic molding solution put
into practice. The gear presented is
not particularly molding friendly: It
has a metal over-molded shaft, two
cams, six spokes, and three injecting gates
located in the middle of these spokes. Mold devel-
opment for this gear using traditional methods re-
quires considerable time and guesswork — not to
mention several mold cavities. On the other hand, the
genetic molding solution
method develops the desired
cavity in a very short time by di-
rect calculation, with zero
guesswork.

The chart here shows a com-
parison of roll test graphs on the
most representative gear. Plot-
ted in red is the trace of a gear
produced by a preliminary mold
cavity simply scaled up in size;
this resulted in an AGMA class-
Q5 gear. Plotted in green is the
roll-test plot for a similar gear,
but from a mold cavity calcu-
lated by our genetic molding
method. It is an AGMA class-
Q9 gear.
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Simply scaling up a mold
results in more error.

Careful genetic modeling
yields better results.

Here, the target gear profile is noted. Then a preliminary cavity is designed and produced to try to meet this
target. The mold is measured to see how much error off the target it exhibits. Finally, the results from this mold
exam are processed by optimization software.

Less guesswork, less error
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element analysis to model plastic
material flow, mold configura-
tion, and the molding process.
However, these approaches are
marginally successful in defining
the final cavity of precision parts;
accurately defining some of the
factors is difficult, particularly the
properties of molten plastic and

the dynamics of the molding
process.

Systematic
approach

Similar to how DNA contains
genetic information about the
entire organism, the shape of the
molded part reflects information

about the original designed pro-
file, material properties of the
plastic, tool design, and molding
process parameters. In the ge-
netic molding solution method,
all of this information is used to
define the final mold cavity.
Mathematical prediction soft-
ware then defines the transfor-
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Final mold cavity definition

Preliminary gear
sample selection Preliminary profile

Third data set Final cavity profile
Output data set Final gear profile

A batch of gears is made with the preliminary mold, and are tested to see which is the most representative. Then
the final mold can be made to produce final-product gears.



mation function between the ac-
tual part profile — the prelimi-
nary sample — and its actual cav-
ity profile — the preliminary cav-
ity. Once this transformation
function is defined, the desired
part profile replaces the first molded
sample profile as the variable in the
transformation function to calcu-

late the final cavity profile. The
transformation function is based
on a series of trigonometric and
polynomial functions.

The initial cavity profile coor-
dinates are:

M1 = K x D
where D is the desired gear pro-
file coordinates and K is the

shrinkage (scale) factor for partic-
ular plastic material.

At the same time, the initial
cavity profile coordinates can be
presented as:

M1 = f(P1)
where P1 is the preliminary sam-
ple gear profile coordinates and f
is the transformation function
describing relations between the
initial cavity and the preliminary
sample gear.

Then the final cavity profile
coordinates are:

M2 = f(D)
The comparison is taken and

then extrapolated. There are not
any fudge factors; the method is
based purely on the inspection
results and math.

With the genetic molding so-
lution method, controlling every
step of the process is important.
However, knowing material,
mold, or molding process param-
eters isn’t necessary to find the
transformation function, because
the initial molded part shape al-
ready contains this information.
If these parameters are changed,
the molded part shape is changed
and a different transformation
function is generated. In short,
the genetic molding method
completely separates the first
molding-process
development/optimization stage
from the second stage — achieve-
ment of the desired part configu-
ration. These two stages are
equally critical.

The specifics
To reiterate, stage one encom-

passes molding process develop-
ment and optimization. This in-
cludes the following four steps:

1. Target gear data defini-
tion. This is the first data set gen-
erated and used later. The com-
puter model of the gear provides
the coordinates of the nominal
gear profile. The distance be-
tween points depends on the size
of the gear and the number of
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teeth; it is typically about 0.002 in.
2. Preliminary cavity de-

signed profile definition. The
preliminary mold cavity profile is
defined as the target gear profile
that is simply scaled up by the lin-
ear mold shrinkage coefficient
provided by the material supplier.

3. Preliminary cavity actual
profile definition. This is the
second data set recorded. Manu-
facturing and coordinate meas-
urement machine inspection of
the preliminary cavity provides
the point coordinates for the sec-
ond data set.

4. Molding process optimi-
zation. Gears are molded using
the preliminary cavity, without
concern about the gear shape.
The goal here is to achieve a sta-
ble and repeatable molding
process. Once this goal is
reached, the molding process
must be locked in and certified;
no changes to the process are
now allowed. Using the opti-
mized process, several dozen
gears are then molded.

Again, stage two of the genetic
molding solution is to fully define
the final mold cavity. This in-
cludes the following steps:

5. Preliminary gear sample
selection. All of the molded
gears are roll tested and the data
analyzed. Then the most repre-
sentative preliminary gear sample
is selected.

6. Preliminary gear profile
definition. This is the third data
set. A coordinate-measurement-
machine is used to inspect this
representative sample; its geome-
try is recorded.

7. Final cavity profile defini-
tion. This is the final output data
set. The genetic-molding-solu-
tion software uses the prelimi-
nary gear sample and preliminary
cavity data — the third and sec-
ond data sets — to generate a
transformation function. The
target gear data (which was the
first data set) is then used as the

variable in this transformation
function to define the final cavity
profile — in other words, the
output data set. The final cavity is
then manufactured and given a
coordinate-measurement-ma-
chine check-inspection.

8. Final gear profile. At last,
gears are molded using the final
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mold cavity. The coordinate-
measurement-machine inspec-
tion data of the molded gears
should be identical to the speci-
fied gear profile, within the mold-
ing process accuracy variation.

For more information, call
(651)308-8899 or email

ak@akgears.com.


