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Study on Improvement Methods of CMM (Coordinate Measuring Machine) in Workshop Environment 
– Correction of Squareness Error – 

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 propose the evaluation and correction method of squareness errors using MCG (Machine 
Checking Gauge). Additionally the performances of CMM in workshop environment and temperature-controlled room 
are tested and corrected experimentally. From these results, we confirmed the availability of the proposed methods. 
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Fig. 1 Construction and set up of Machine Checking Gauge (MCG), R is length 
between centers of pivot ball and stylus ball 11)

Fig. 2 Location of measuring positions by MCG; 8 positions on 3 difference 
Z levels (+45º, 0º, -45º) 11) 
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Fig. 3 Coordinate systems and squareness errors by 3 angle error parameters 
txy, tzx and tzy; XYZ is coordinate system without squareness errors and 
xyz is machine coordinate system with squareness errors.
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   (a) txy = 10 sec, tzy = 0 sec, tzx = 0 sec              (b) txy = 10 sec, tzy = 1 sec, tzx = 2 sec              (c) txy = 0 sec, tzy = 10 sec, tzx = 0 sec 
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     (d) txy = 0 sec, tzy = 0 sec, tzx = 10 sec           (e) txy = 10 sec, tzy = 10 sec, tzx = 0 sec            (f) txy = 10 sec, tzy = 10 sec, tzx = 5 sec 

Fig. 4 Simulations of output geometrical errors from MCG measurements on different squareness errors
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(a) CMM-1: normal accuracy and moving bridge type CMM 
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(b) CMM-2: high accuracy and fixed bridge type CMM 

Fig. 5 Relationship of length of MCG arm and squareness errors for 2 types 
of CMM (CMM-1 and CMM-2) 
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Table 1 Specifications of CMM-1 and CMM-2 

 CMM-1 CMM-2 
Modes of operation CNN CNN 

Type of CMM Moving bridge Fixed bridge 
Measurement range (XYZ mm) 850 1000 600 700 550 400

Indicating digit (µm) 0.1 0.1 
Type of probing system Touch trigger Parallel twin 

Error of indication E (µm) 3.9 + 5L/1000 0.8 + L/800 
Type of room ( ) Workshop 20±0.5 
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Fig. 6 Variation of squareness errors and room temperature in a day on 
CMM-1 
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Fig. 7 Variation of squareness errors and room temperature in a year on 
CMM-1 
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Fig. 8 Relationship between room temperature and squareness errors

Fig. 9 Position of supporting air-bearings of CMM-1 (moving bridge type 
CMM)
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Table 2 Result of squareness errors before and after squareness errors 
correction 

type of CMM CMM-1 CMM-2
plane XY YZ XZ XZ 

before correction 4.4 4.1 -1.0 -4.9 winter after correction -0.2 -0.3 -0.3 -0.1 
before correction 3.6 2.6 -0.8 - summer after correction -0.3 -0.5 0.2 - 

before correction                      after correction 

before correction                         after correction 

(a) XY plane on CMM-1 in winter 

before correction                          after correction 

(b)  XZ plane on CMM-2 

Fig. 10 Positional errors of 25 sphere centers of ball plate before and 
after squareness errors correction 
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