Application note: Substrate mastered scale on a CMM

Substrate mastered scale on a CMM

The thermal behaviour of encoder scale is an important
consideration when selecting any encoder system.
Renishaw’s encoder scales are effectively either thermally
independent of the substrate (floating) or thermally
dependant on the substrate (mastered).
Floating scale expands and contracts according to the
thermal characteristics of the scale material, whereas
mastered scale expands and contracts at the same
rate as the underlying substrate. These scale mounting
techniques offer a variety of benefits for various
measurement applications: this article presents an
example case where mastered scale might be preferred.
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Co-ordinate measuring machine (CMM)
CMMs are used to capture three-dimensional measurement
data on high precision, machined components, such as
engine blocks and jet engine blades, as part of a quality
control process. There are four basic types of co-ordinate
measuring machine: bridge, cantilever, gantry and horizontal
arm. Bridge-type CMMs are the most commonplace.
In a CMM bridge design, a Z-axis quill is mounted on a
carriage that moves along the bridge (along the X-axis, see
figure 1). The bridge is driven along two guideways in the
Y-axis direction. A motor drives one shoulder of the bridge,
while the opposite shoulder is traditionally undriven: the
bridge structure is typically guided / supported on aerostatic
bearings. The carriage (X‑axis) and quill (Z-axis) may be
driven by a belt, screw or linear motor.
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Figure 1: Bridge CMM with X, Y and Z axes highlighted.

CMMs are designed to minimise non-repeatable errors as
these are difficult to compensate in the controller.
High-performance CMMs comprise a high thermal mass
granite bed and a stiff gantry / bridge structure, with a lowinertia quill to which is attached a touch-trigger probe to
measure discrete points on a workpiece.
The data are then used to ensure that parts meet
predetermined tolerances. High precision linear encoders are
installed on the separate X, Y and Z axes which can be many
metres long on some gantry-type machines.
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Figure 2: Temperature change of CMM granite bed (3) and encoder scale (2) compared with room air temperature (1).
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Example
A granite bridge-type CMM is operated in an air-conditioned
room with an average temperature of 20 ±2 °C. The room
temperature cycles three times every hour such that the
high-thermal mass granite maintains a constant average
temperature of 20 °C.
A floating linear encoder scale is installed on each axis (X,
Y and Z). The stainless steel scale is largely independent
of the granite substrate and rapidly responds to changes in
air temperature due to its high thermal conductivity and low
thermal mass, which is significantly lower than the thermal
mass of the granite bed. This leads to a maximum expansion
or contraction of the scale over a 3 m axis of approximately
60 µm. This expansion can produce a substantial
measurement error which is difficult to compensate due to its
time-varying nature, as shown in figure 2.
Substrate mastered scale is the preferred choice in this case:
a mastered scale would only expand with the coefficient of
thermal expansion (CTE) of the granite substrate and would,
therefore, exhibit little change in response to small oscillations
in air temperature. Longer term changes in temperature
must still be considered and these will affect the average
temperature of a high-thermal mass substrate. Temperature
compensation is straightforward as the controller only needs
to compensate for the thermal behaviour of the machine
without also considering the encoder scale thermal behaviour.
Summary
Encoder systems with substrate mastered scales are an
excellent solution for precision CMMs with low CTE / high
thermal mass substrates and other applications requiring high
levels of metrology performance. The advantages of mastered
scales include simplification of thermal compensation regimes
and potential for reduction of non-repeatable measurement
errors due to, for instance, air temperature variations in the
local machine environment.
For further information on linear encoder systems, please visit
www.renishaw.com/opticalencoders

Renishaw plc
New Mills, Wotton-under-Edge
Gloucestershire, GL12 8JR
United Kingdom

T +44 (0) 1453 524524
F +44 (0) 1453 524901
E uk@renishaw.com
www.renishaw.com

About Renishaw
Renishaw is an established world leader in engineering technologies, with a strong history of innovation in product development
and manufacturing. Since its formation in 1973, the company has supplied leading-edge products that increase process
productivity, improve product quality and deliver cost-effective automation solutions.
A worldwide network of subsidiary companies and distributors provides exceptional service and support for its customers.
Products include:
• Additive manufacturing and vacuum casting technologies for design, prototyping, and production applications
• Dental CAD/CAM scanning systems and supply of dental structures
• Encoder systems for high-accuracy linear, angle and rotary position feedback
• Fixturing for CMMs (co-ordinate measuring machines) and gauging systems
• Gauging systems for comparative measurement of machined parts
• High-speed laser measurement and surveying systems for use in extreme environments
• Laser and ballbar systems for performance measurement and calibration of machines
• Medical devices for neurosurgical applications
• Probe systems and software for job set-up, tool setting and inspection on CNC machine tools
• Raman spectroscopy systems for non-destructive material analysis
• Sensor systems and software for measurement on CMMs
• Styli for CMM and machine tool probe applications

For worldwide contact details, visit www.renishaw.com/contact

RENISHAW HAS MADE CONSIDERABLE EFFORTS TO ENSURE THE CONTENT OF THIS DOCUMENT IS CORRECT AT THE DATE OF
PUBLICATION BUT MAKES NO WARRANTIES OR REPRESENTATIONS REGARDING THE CONTENT. RENISHAW EXCLUDES LIABILITY,
HOWSOEVER ARISING, FOR ANY INACCURACIES IN THIS DOCUMENT.
© 2019 Renishaw plc. All rights reserved.
Renishaw reserves the right to change specifications without notice.
RENISHAW and the probe symbol used in the RENISHAW logo are registered trade marks of Renishaw plc in the United Kingdom and other countries.
apply innovation and names and designations of other Renishaw products and technologies are trade marks of Renishaw plc or its subsidiaries.
All other brand names and product names used in this document are trade names, trade marks or registered trade marks of their respective owners.

*H-3000-5122-01*
Part no.: H-3000-5122-01
Issued: 03.2019

