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Gear inspection: state of the art and limitations
Traditional methods for gear inspection, as specified in ISO 1328-1, involve measurement of
profiles on a flank to determine helix deviation and profile deviation. For such measurements, it
is common to inspecting only a selected number of teeth and only a small number of profiles
are measured per flank. Although such methods are efficient for tolerance evaluation, they do
not obtain surface topography information on gear flanks, which can be critical in tribology
studies. Furthermore, the determined flank geometry may vary depending on the location of
the profiles being measured, and hence may not be representative of the entire gear.

Instrument Complete measurement (PAI) FVM CMM
Points 540332 1159726 2715

Dev Mean (µm) -0.078 -0.050 0.019
Std Dev (µm) 0.069 0.281 0.072

Conclusions
The PAI has the capability, not only to measure gears according to the ISO standard, but also to measure 3D gear form and surface. 3D measurements
have the capability to define measuring points on the complete gear flank and obtain more gear geometry details beyond what is specified in gear
standards. Measurement of the flank surface on every tooth of the gear is performed to obtain both form and surface topography information.
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Current work
In this work we propose the optical measurement
of gear flanks using a point autofocus instrument.
Measurement of the flank surface on every tooth
of the gear is performed to obtain both form and
surface topography information. This study
describes profile measurement and 3D complete
gear measurement, and compares obtained point
cloud data with the nominal CAD model.

Point Autofocus Instrument (PAI)
The instrument measures the x and y position on surface by
automatically focusing a laser beam at a point on the specimen
surface, moving the specimen surface in a fixed pitch using an x,y,z
and AZ (rotation) scanning stage. The instrument operates in a similar
manner to a CMM, where the physical stylus is replaced by a laser
beam with approximately 1.5 μm spot size.

Profile measurements
The flank profiles of the gear teeth were
measured with a dedicated gear measurement
module included in the instrument software,
which deploys a strategy of positioning the
gear in favourable positions, where both the
left and right flanks of each tooth are
accessible.
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Point cloud data colour map 
The helical gear was measured by PAI, Alicona focus
variation microscope (FVM) and Zeiss F25 CMM to
obtain point cloud form information. The point
clouds and the deviation from the nominal
geometry are visualised with a colour map. The
standard deviations of the distances from the points
in each point cloud to the nominal CAD surface for
PAI and CMM shown good correlation.

Figure 5. Colour map for the helical gearFigure 4 .Flank measurement 

Table 1. Data colour maps

Figure 2. Gear measurement using PAIFigure 1. Principle of the PAI. Different sensor position: a) in-focus, b) Defocus and c) Autofocus

Figure 3. Gear profile measurement strategy


