Sharper Eyes on Precision
Gears

How multisensor metrology is transforming spur gear inspection
with integrated vision and tactile probing

Greg Maisch, Engineering Manager, Starrett Metrology Systems Division
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Starrett multisensor metrology system inspecting a spur gear using integrated vision and tactile capabilities. The M3 Gear Module software
enables fast, accurate, and repeatable inspection. (Courtesy of Starrett Metrology Systems Division.)

In the world of precision manufacturing, the performance and longevity of many mechanical systems are determined by the quality
of their gear components. Accurate gear inspection is vital to ensure that these components meet stringent design specifications
and functional performance requirements. However, traditional tactile-based inspection methods can be time-consuming, labor-
intensive, and prone to variability, especially as production volumes and complexity increase.
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(Courtesy of Starrett Metrology Systems Division.)

Recognizing the need for a faster, more reliable approach
has prompted a new gear inspection solution that combines
advanced vision-based measurement with tactile touch-probe
capabilities. Central to this is the integration of the M3 Gear
Module, developed by MetLogix, along with multisensor
metrology systems from inspection equipment manufactur-
ers such as Starrett. The combination offers gear manufactur-
ers and users an efficient, accurate, and repeatable solution for
inspecting spur gears that streamlines inspection workflows
while ensuring compliance with industry standards.

Using automated edge detection in combination with pre-
programmed macros, this solution substantially increases the
efficiency with which spur gears are measured via parameters
such as maximum/minimum gear diameter, gear tooth width,
master gage circle diameter, measurement over simulated/
theoretical wires (MOW), and phi angles. In addition to these
specific gear measurements, the system can be used to check
tooth profiles as well as features that can only be gathered with
a tactile probe, such as flatness and planar parallelism. This
article explores how the integrated approach enhances both
production throughput and quality assurance, providing sig-
nificant value to manufacturers across a range of industries.

Traditional Impediments
Conventional gear inspection methods have traditionally relied
on measurements using hand tools, tactile probing systems, and
custom mechanical measurement devices to verify gear geom-
etry. While effective, these methods present several challenges,

Close-up of spur gear under high-resolution camera. Vision-based edge detection rapidly captures critical geometric features without physical contact.

particularly as demands for higher production speeds and
tighter tolerances continue to grow in manufacturing.

Hand tool and tactile-only inspection processes are inher-
ently time-consuming, requiring physical contact with each gear
tooth or surface. As a result, the measurement cycle can become
lengthy. In addition, the quality of the measurement often
depends heavily on operator skill and consistency, introducing
potential sources of variability into the inspection process.

Another limitation of tactile methods is the inability to
rapidly capture the data for all of the teeth on the gear; thus,
these processes generally result only in the spot checking of a
few key areas. Physical quality checks, while precise, are con-
strained in their ability to quickly scan complex surfaces with-
out risking potential wear or damage to delicate gear features
or the equipment used for checking them. These constraints
make traditional inspection methods less suitable for high-
volume manufacturing environments where efficiency, repeat-
ability, and minimal part handling are critical.

Advancements Through Vision
Advancements in optical measurement technology have opened
new possibilities for gear inspection, offering significant advan-
tages over traditional tactile approaches. Vision-based inspec-
tion systems utilize high-resolution imaging, sophisticated edge
detection algorithms, and automated feature recognition to rap-
idly capture precise measurements without physical contact. This
capability enables manufacturers to significantly reduce inspec-
tion cycle times while enhancing data reliability and repeatability.
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Captured inspection data from over 10,000 points enables comprehensive gear analysis. M3 Gear Module
software evaluates key parameters such as tooth width, phi angles, and diameter tolerances with visualized
results for fast decision-making. (Courtesy of Starrett Metrology Systems Division.)
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Using multisensor metrology systems integrated with the
M3 Gear Module, spur gears can all be measured with excep-
tional speed and precision. By analyzing captured images with
high-resolution imaging, the system automatically identifies
and evaluates gear features, eliminating the need for extensive
manual programming or intervention.

Non-contact vision systems also minimize the risk of part
damage, making them ideal for inspecting delicate or finely
finished gear components. Moreover, the ability to visualize
and archive inspection data enhances traceability and facili-
tates more comprehensive quality reporting.

In high-volume production settings, the benefits are even
more pronounced. Automated vision inspection reduces the
reliance on operator skill, ensuring consistent, repeatable
results across shifts and production runs. It also enables real-
time feedback into manufacturing processes, supporting more
proactive quality control and continuous improvement initia-
tives, combining increased throughput, efficiency, accuracy, and
flexibility into a single, integrated solution.

Software for Spur Gear
Measurement
At the heart of the inspection system is the M3 Gear Module,
a comprehensive, intuitive software extension designed specifi-
cally for the measurement of spur gears. The module provides a
range of capabilities that substantially streamline the inspection
process while delivering highly accurate and repeatable results.

The module features an extensive suite of measurement
functions, enabling users to evaluate critical gear character-
istics. By using advanced video edge detection and intuitive
workflows, users can complete complex inspection routines
quickly and with minimal training.

To further enhance efficiency, the module includes pre-
defined “Standard” and “Master” inspection macros. These
macros guide operators step-by-step through the measurement
process, ensuring consistency and reducing the potential for
human error. Once the measurement sequence is completed,
results are generated instantly and presented in clear, easy-to-
read data views.

The module also provides very effective visualization tools.
Gear tooth width and phi angle results can be displayed in
customizable bar graphs, allowing operators to immediately
identify deviations from specification.

A unique feature of the module is its seamless integration of
nominal values, tolerances, and result statistics. Using its toler-
ance system, operators can quickly apply limit values and gen-
erate detailed statistical summaries, including minimum, maxi-
mum, range, and average measurements. The system also sup-
ports the application of concentricity and runout tolerances,
enabling an in-depth evaluation of gear quality in a single,
automated routine. Measurement data can then be exported in
a variety of ways, and reports can be customized to conform to
the reporting standards of the manufacturer.

By integrating these capabilities into an intuitive, touchscreen-
driven interface, the module enables manufacturers to signifi-
cantly reduce inspection cycle times while improving repeat-
ability, traceability, and compliance with demanding industry
standards such as ISO 1328 and AGMA 2015.

The integration of the M3 Gear Module with Starrett’s mul-
tisensor metrology systems significantly enhances inspection
efficiency and measurement precision. By automating com-
plex measurement routines and reducing manual intervention,
manufacturers can achieve faster inspection cycles and consis-
tent, high-quality results, ensuring compliance with stringent
industry standards.

Tactile and Touch Probing—A
Hybrid Solution

While vision-based inspection offers rapid and comprehen-
sive data capture for two-dimensional features, there are situa-
tions where tactile probing remains essential, particularly when
inspecting three-dimensional geometries that are not accessible
optically. Recognizing this, Starrett multisensor metrology sys-
tems offer touch-probe capabilities alongside vision measure-
ment, offering a hybrid inspection solution.

The combination of vision and tactile probing allows for
more complete characterization of spur gears, ensuring that
both 2D and basic 3D features are accurately measured. Vision
systems are very effective at capturing critical features that can
be projected as a plane, such as tooth spacing, involute profiles,
and lead angles with exceptional speed. When deeper geome-
tries or form features—such as bores, cones, or datum planes—
require measurement, the system can automatically transition
to tactile probing.

Although the M3 platform is not designed for direct 3D
CAD model comparisons or full 3D surface profiling, it does
provide extensive tactile measurement capabilities. The touch
probe can accurately measure discrete geometric features,
including points, lines, planes, spheres, cylinders, and cones.
Dimensional and geometric tolerances such as parallelism,
perpendicularity, concentricity, and runout can be applied to
these features, supporting comprehensive inspection needs.

This hybrid approach increases measurement flexibility
while enhancing overall inspection efficiency. Operators can
define inspection routines that intelligently deploy vision and
tactile methods based on feature accessibility and tolerance
requirements. Results from both modalities are combined
within a single software environment, simplifying data report-
ing and ensuring full traceability.

By blending the strengths of high-speed optical measure-
ment with precision tactile probing, these hybrid metrology
systems deliver a versatile solution capable of addressing the
diverse challenges of modern gear manufacturing.

This approach not only reduces inspection cycle times and
training requirements but also enhances measurement repeat-
ability and traceability.

As gear designs become more complex and production
demands rise, multisensor inspection systems like these will be
critical in ensuring consistent, high-quality output—delivering
a competitive edge to manufacturers in precision industries.

starrettmetrology.com

©

For Related Articles Search

inspection
at geartechnology.com
GEAR TECHNOLOGY | June 2025

19


https://www.starrettmetrology.com/

