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Thermal Effects on the Accuracy of Three-dimensional Coordinate
Measuring Machine
(Changes and its Compensation of Error Component Distribution
in Various Thermal Environments)

Makoto OHYA

Thermally induced structural changes due to variations in the operating environment affect the
measuring accuracy of three-dimensional coordinate measuring machine (CMM). The effects of
temperature changes on the machine’s structure and performance are very complex. It can often be
difficult to find a complete relation between the change of error components of CMM and thermal
effects because of the structural complexity of CMM. Various approaches have been taken by CMM
manufacturers to cope with the problem of thermal error. One aim to compensate thermal effects is
to guarantee the use of CMM not only in temperature controlled environments but also in workshop
or workshop inspection area, where temperature variations are likely to be much greater. For the
purpose of the compensation for thermal effects, it is necessary to have a clear grasp of the relation
between changes of machine structure and temperature changes. In this paper the resuits of error
component distribution measured in various thermal environments is shown and correction models
to compensate the effects of temperature changes is proposed. The model assumes that the expan-
sion/contraction of scales in each axis direction and the changes of squareness due to thermal

changes are main causes of the changes in error components. Significant improvements in the
accuracy of CMM can be achieved by the application of the proposed correction model.

Key Words: Accuracy, Measurement, Three-Dimensional Coordinate Measuring Machine, Tem-
perature Change, Error Vector, Error Compensation, Correction Model, Positioning

Error, Squareness
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Three-dimensional
machine (Type A) used in experiments
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Fig.2 Temperature Change with Operating Time
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Fig.3 Temperature Change in the case of Adjusting Temperature Control System
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Fig.5 Difference of error components between the
environment of 30°C and 20°C (Type A)
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Fig.6 Changes of errors in distance measurements on
each axis directions (Type A)
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Fig.7 Changes of errors in distance measurements on diagonal lines (Type A)
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