
Application Note A153: Measurement of precision lens barrel moulds

Lens barrel moulds

Lens barrel moulds are used to mass produce the plastic lens barrels which 
house either single or multiple precision optical lenses. Significant priority is 
given to the design and development of highly accurate, high quality moulds, 
ensuring that the lens barrels they produce meet the high specifications 
prescribed by the optical assemblies and products in which they are used. The 
lens barrels are often very small with a typical diameter of a few millimetres. 

Access into the barrel mould bores can often be challenging, as there is little 
clearance. On top of this, precise bore alignment is required to ensure the 
accurate measurement of thread form, radius and PCD. For such small diameters, 
conventional profilometers face the challenges of access, alignment and accuracy. 

This application note addresses the challenges posed by such measurements and highlights the features of the Form Talysurf® 
PGI NOVUS instrument and Metrology 4.0 software that provide a clear solution for the accurate measurement of the small 
bores in lens barrel moulds. 

Challenges

1. Locating bores 
The lens barrel mould poses a wide range of problems for inspection of the component, 
the first being how to locate the bores. The moulds are usually mounted inside of a block 
and have multiple sites where the threaded bores sit. There is little room for error so 
locating the bores must be very reliable. The software needs to be capable of locating and 
aligning the axis of each hole so that the measurement can take place. This must be fully 
automated and needs a sophisticated system that can meet this demanding requirement.

2. Access into hole 
Access into the bore can be very challenging. In a typical example, the diameter of the bore 
is around 3 mm and requires a special design of stylus to enable entrance into it. The stylus 
design is important and needs to be both thin enough to allow access and of sufficient 
stiffness so as to preclude noise and resonance effects. To achieve this, along with excellent 
axis control, the chosen measuring instrument also needs accurate control of the stylus force 
in both directions (Z+ and Z-). 

3. Radius and form accuracy 
There is a very fine threaded profile along the bore, along which accurate form and radius 
measurement is needed. Due to the nature of the fine pitch, the radius is very small 
and has slopes that approach 60°. Obtaining radius on small, steep surfaces is inherently 
diff icult as the measured surface is dictated by the form and radius of the stylus tip. This 
requires knowledge of the tip radius and form to acquire the best possible measurement. 
The radius of defined arcs on the thread profile is crucial as it impacts the accuracy of pitch 
and PCD analysis.
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James Porter, Applications Engineer

The part co-ordinate 
system allows the user to 
control measurement and 
movement around any 
component according to 
the part drawing. 

The on-screen view provides 
an exact simulation of the 
real instrument, allowing 
remote monitoring and at 
a glance confidence in the 
measurement process.

Greg Roper 
Surface Product Manager

Figure 1 - Miniature plastic lens barrel (i) that 
is produced from the precision lens mould (ii)
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Form Talysurf® PGI NOVUS and Metrology 4.0 software

Measurement of precision lens barrel moulds 
–  Form, radius and diameter measurement of miniature threaded bores
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Solutions provided by Form Talysurf® PGI NOVUS and Metrology 4.0

1. Locating bores with confidence 

The revolutionary Part Co-ordinate System (PCS) that is available in Metrology 4.0 software allows exceptionally precise 
control of the Form Talysurf® PGI NOVUS stylus. With this new approach to instrument moves and full control of the stylus 
tip position, it is possible to move the stylus exactly where required in tiny bores. This is done through creating a new origin 
and axes on the part itself (a Part Co-ordinate System – PCS), relating back to the design drawing (Figure 2).

Figure 3 - Showing PCS points in Metrology 4.0 that 
define the origin with respect to the part design.

Figure 4 - The drawing 
of the lens mould.

1. Z reference: Obtain Z 
reference by contacting 

the stylus

2. X reference. Align and 
reference the front face by 

taking 2 measurements

3. Y reference: Reference 
the side face of the 

component by taking a 
measurement in the Y 

direction

4. These references 
become the origin for 

the PCS (0, 0, 0)

5. It is possible to access 
any hole once the origin 

has been established

Figure 2 - Outline of the procedure used to locate holes

In Figure 3, an origin has been created at the middle of the centre bore. Once the origin has been established, it is possible to take 
the design of the mould from Figure 4 and create the additional ‘PCS’ points for the other holes. After all the PCS points have 
been created, the software is able to automatically position the stylus tip inside any of these holes with ease.

After the stylus has been positioned inside of the hole, the system utilises the high accuracy automated stages to align the bore to the 
measurement axis. This is done through use of a linear Y stage and a rotary stage and ensures the true profile of the part is obtained.
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Figure 5 - A dual-bias, small-bore stylus 
accessing into a narrow internal bore.

2. Access using small bore styli 

Access into small diameter bores is possible with the use of the 
specially designed dual bias, small-bore styli. The dimensions of 
these styli allow two diamond tips to be present and still fit into 
the smallest of holes. Having both tips within such a small footprint 
allows easy access and measurements of internal diameters. 

Great care is taken in the design of all Taylor Hobson styli to 
maintain low noise with little resonance whilst tracking the 
surface. The automatic force adjustment is also used to allow ISO 
recommended tip pressure to be applied for any stylus.

3. Outstanding radius and form accuracy 

With Taylor Hobson’s outstanding radius accuracy and form, it is possible to measure small, steep radii and obtain accurate 
radius and form results. The sharp stylus tip design means that the steep surfaces can be measured without the stylus flanking. 

When measuring a small radius, it is crucial that the measurement tip is of known size and consistent form (Figure 6). Taylor 
Hobson’s ability to precisely calibrate the size of the tip provides unrivalled accuracy in radius determination. Without this it is 
impossible to measure such small diameters accurately.

Form Talysurf® PGI NOVUS provides the ultimate level of measurement accuracy, the axes alignments and calibrations ensure 
excellent repeatability of profiles.

Effect of tip radius on threaded lens mould measurements

Figure 6 - i) Measured profile with the correct tip radius, the ball sits correctly within the gothic arches. ii) Measured 
profile with the incorrect tip radius, the measured arcs have a smaller radius which leads to the ball fit being too high.

Taylor Hobson’s Form Talysurf® PGI NOVUS provides all of the above.

A precision datumA low noise platform Proven calibration capabilities

Precise cresting functionality Stylus tip radius calibration

Further considerations
When measuring small, threaded bores certain requirements need to be met. For the most reliable measurement of form, 
surface finish and diameter, it is crucial that the instrument has:

3.2 mm
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Table 1 - Showing typical results for radius accuracy on a 1 mm ball.

Summary

Form Talysurf® PGI NOVUS and Metrology 4.0 software 
collectively give the optimum solution for measurement 
of small threaded lens moulds. The intelligent software 
provides excellent stylus positioning to locate the holes and 
exceptional alignment to ensure a valid measurement. The 
special stylus design allows easy access for measurements 
on both sides of the component. Measuring small, 
steep features with the use of calibrated tip radii allows 
unparalleled radius accuracy. 

The results show measured radius is only ~ 100 nm away 
from the calibrated value and confirm excellent accuracy, 
repeatability and suitability of the Form Talysurf® PGI 
NOVUS system for this application. The solutions outlined 
in this document provide results that cannot be achieved by 
conventional profilometers. Metrology 4.0 allows full analysis 
including dimensional analysis, form, radius and tolerancing.

Results

5 µm Diamond, 
40° Conisphere tip

60 degrees 45 degrees

Pt (µm) Opt Arc Radius (µm) Radius Error (µm) Pt (µm) Opt Arc Radius (µm) Radius Error (µm)
Normal Bias 1 0.13 499.88 0.08 0.08 499.88 0.08

Normal Bias 2 0.09 499.80 0.00 0.07 499.80 0.00

Normal Bias 3 0.12 499.85 0.05 0.08 499.87 0.07

Normal Bias 4 0.10 499.82 0.02 0.08 499.84 0.04

Normal Bias 5 0.09 499.83 0.03 0.07 499.83 0.03

Standard Deviation 0.03 0.05

Spread 0.10 0.14

Reverse Bias 1 0.06 499.78 -0.02 0.05 499.75 -0.05

Reverse Bias 2 0.09 499.75 -0.05 0.05 499.74 -0.07

Reverse Bias 3 0.08 499.76 -0.04 0.05 499.74 -0.06

Reverse Bias 4 0.08 499.74 -0.06 0.05 499.72 -0.08

Reverse Bias 5 0.09 499.76 -0.04 0.05 499.75 -0.05

Standard Deviation 0.02 0.02

Spread 0.05 0.06
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Validation of accuracy and repeatability for small radii 

A repeatability study was conducted on a calibrated grade 3, 1 mm diameter ruby ball to simulate measurements on a small, 
steep part. These tests covered slope angles of 45° and 60° and prove Taylor Hobson’s excellent radius accuracy. This test 
confirms the excellent accuracy and repeatability on steep, small radii which is critical in the measurement of small threaded 
lens barrel mould bores.

10 repeat measurements were conducted along the 1 mm standard in 
Normal and Reverse bias. The optimised radius in all measurements 
was very close to the calibrated value. A 5 µm, 40° stylus was used to 
ensure a slope angle of 60° could be measured.

Measurement conditions

• Sample:  Grade 3, 1 mm ball (rad. = 0.4998 mm)

• Stylus:  5 µm Diamond, 40° Conisphere tip

• Instrument:  Form Talysurf® PGI NOVUS (dual bias) Figure 7 - Showing the slope angles that were measured

45° slope 60° slope

Figure 8 - Analysis of lens barrel mould displaying: 
diameter, pitch, radius and tolerances 


