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Study on Improvement Methods of CMM (Coordinate Measuring Machine) in Workshop Environment
— Evaluation and Correction of Thermal Drift —-

Tohru OHNISHI, Shotoku TAKASE and Kiyoshi TAKAMASU

In recent years, the CMM (Coordinate Measuring Machine) quickly has been spreading in the manufacturing industry.
With this phenomenon, the environmental condition and installation site of CMMs has been changed from the
temperature control room to the workshop environment and the production line without air conditioning. However, even
in severe environment the demand to high accuracy measurements by CMM has been enhancing still more. Therefore, the
methods to evaluate and realize the high accuracy measurements by CMM in workshop environment have been
investigated. In this paper, we clarify the difference of thermal drift and conventional temperature correction in thermal
errors of length and position measurement, and propose the simple model of thermal drift and correction method.
Additionally the thermal drift of CMM in workshop environment is tested and corrected experimentally. From these

results, we confirmed the availability of the proposed methods.
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Fig. 1 Arrangement of 5 thermometers on work, X scale, Y scale, Z
scale and room air
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Fig. 2 Examples of temperature day variations (5 thermometers) at
workshop without air conditioning in summer and winter

Table1l Maximum differences of temperatures at work, X, Y, Z scales
and room air on 30, 60 minute and 1 day in summer and winter;

unitis °C

season summer winter

time  30min 60 min l1day 30min 60 min 1 day
work 0.1 02 13 02 0.4 16
X 02 0.3 16 03 0.5 19
Y 0.1 0.1 1.7 0.1 0.1 0.7
Z 02 0.3 0.7 03 05 1.8
room 0.2 0.3 1.4 0.3 0.5 14

scale: o, i 2]
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¢ 13 1, 'work:
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(a) setting zero point (time: m;) (b) length measurement (time: m,)

Fig.3  Model of thermal drift in length measurement of work
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Fig. 4 Variation of temperatures (5 thermometers) and coordinates of

sphere center in 2 days without air conditioning
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Fig. 5§ Model of thermal drift of CMM for x-coordinate of sphere center
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Fig. 7 Comparison between real drift and simulated drifts drift-CMM,
drift-1 and drift-2 of x-coordinate of sphere center
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Table2 Differences of x-coordinate of some sphere centers in forward

and backward measurement
no. of ball 1 25 7 19 13
sequence of forward 1 9 17 21 25

sequence of backward 50 42 34 30 26
before correction(um) 45 18 15 04 0.1
after correction (um) 03 11 03 01 0.1

Table3 Comparison between temperature correction and thermal drift
for x-coordinate of some sphere centers in winter

measuring time 30 min 60min
no. of ball 1 3 5 1 3 5
temperature correction 0 01 04 0 01 04
(um)
Drift-CMM 41 25 09 71 43 16
c‘lhn.eé“(‘al) Drifi-1 33 19 05 56 31 08
) 08 06 04 15 12 08
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