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XL-80 +/- 0.5ppm uncertainty 
breakdown
Overview

The purpose of this application note is to provide a breakdown of the XL-80 uncertainty 
(accuracy) and provide clarity on the error budget which the system components meet.

Uncertainty breakdown

The specification covers entire system (XL-80, XC-80 compensator and sensors)

Each component is tested in house to ensure it meets particular test specifications which are in 
place to ensure the product performance is in line with the uncertainty (accuracy) quoted.

The greatest uncertainty in most laser measurements arises from variations in environmental 
conditions (air temperature, pressure and humidity) compared to nominal values. Even small 
variations in the environment will alter the laser wavelength. For example, the following changes 
will increase the laser wavelength by 0.25 ppm (parts per million).

0.26 °C air temperature increase

0.93 mbar air pressure decrease

When variations of temperature, humidity and pressure from nominal values are combined they 
can cause 20-30 ppm uncertainty in measurement (even if the test conditions remain stable).

+/- 0.5 ppm linear measurement accuracy can be achieved from 0- 40 °C and over the full air 
pressure range using the XC-80 compensation system.

The stated XL-80 laser performance is as follows:

+/- 0.5 ppm linear measurement accuracy

+/- 0.05 ppm laser frequency accuracy

The XC-80 compensator performance is as follows:

Material temperature 0-55 °C (range),  +/- 0.1 °C (accuracy) 

Air temperature 0-40 °C (range), +/- 0.2 °C (accuracy)

Air pressure 650-1150 mbar (range), +/- 1 mbar (accuracy)

Relative humidity  0-95% non-condensing  (range), +/- 6 % RH (accuracy)

All of the above compensator uncertainty is combined to give an uncertainty of  +/- 0.38 ppm 
which is shown in the table on the following page.



The table defines the breakdown of the error budget relating to the uncertainty of the system as a 
whole. The combined uncertainty is the square root of the sum of the squares of all the uncertainties. 
The expanded uncertainty is double the combined uncertainty, it is this value which is used to judge 
the overall uncertainty (accuracy) for the product. 

This value should not exceed the published specification for the product.

Source of uncertainty Uncertainty Probability 
distribution

Multiplier Uncertainty 
ppm

XC-80 Unit +/- 0.38 ppm Normal (k=2) 0.5 0.19

Laser Frequency +/- 0.05 ppm Normal (k=2) 0.5 0.025

Inhomogeneity of air +/- 0.3 ppm Normal (k=2) 0.5 0.15

Combined uncertainty (k=1) 0.24

Expanded uncertainty (k=2) 0.49

The laser measurement system accuracy value makes no allowance for uncertainties associated with 
the set-up and alignment of the system and excludes the errors and uncertainties associated with 
normalisation of readings to a material temperature of 20 °C.
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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, vacuum casting, and injection moulding technologies for design, prototyping, and production applications

• Advanced material technologies with a variety of applications in multiple fields

• Dental CAD/CAM scanning and milling 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
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