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Abstract: Presented is a method for determining the tolerances in geometric precision of machining centers in working conditions. The 
method is based on the implementation of coordinate measurements with contact measuring head. The measurements are performed on 
special prismatic detail - caliber attachable with relatively low grade precision guidance on the machine table. In the publication are 
presented experimental studies and the results obtained. The conclusion is that the developed method, the mathematical model and caliber 
are suitable for the determination of some basic elements of geometric precision of machining centers in working conditions. At the same 
time provides a satisfying user accuracy, cost and performance. 
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1. Introduction 

There are a number of methods and practical solutions to 
control the geometric precision of machines and in particular 
machining centers (OC) and milling machines. Among these are 
those that are based on the measurement of specific suitable caliber. 
For this purpose, the machine should work in measurement mode, 
often with the help of a 3D touch trigger probe (TTP) [1,2,3,6]. In 
the publication [8] was presented a mathematical model to 
determine deviations from the perpendicularity between the linear 
axes of OC through self-diagnostic with TTP. This post was 
submitted conducted an experimental study to determine the 
capabilities of the method. 

Exhibition  
To reduce the mutual influence of various deviations from the 

geometric accuracy of the machine is developed algorithm 
comprising the sequence of operation of the system and specific 
control measures. The algorithm is illustrated by the block scheme 
of Fig.1. In this algorithm are made necessary parametric control 
programs. The experiments were made on machines with a control 
FANUC 6MB. This allows control programs to use so-called. 
MACRO. In accordance with the developed algorithm and control 
program, control of geometric accuracy is conducted in the 
following sequence: 

1. Loading in the spindle of the tool holder with fixing him 
TTP. 

2. Pre- set (approximately) position of caliber [4,8] in the 
working area of the machine. 

 
 Through panel of the 

machine in the manual 
control of the carriage are 
positioned stylus of TIG 
until it make contact with 
those peak of caliber which 
is designated for origin of 
the coordinate system. The 
process is managed and 
controlled by the operator. 
Moment of touch is located 
a visual and aural using 
sound and light signal (if 
any) to interface to TTP or 
diagnostic system for CNC. 

This preparatory part is intended to be performed "manual" because 
of the ambiguity of the location of the caliber. Thus preparatory part 

of the control program is simplified and avoiding any lengthy 
displacements in automatic mode with a working feed at search of 
contact. 

3. After activation button "Start cycle" from the control panel of 
the machine is automatically set temporary coordinate system and 
continue with the main part of the control of geometric precision in 
automatic mode. 

The control program includes the following main blocks: 
Read and check the admissibility of input data that are loaded 

in the relevant variables by groups of addresses (I, J, K) (U, V, W) 
(X, Y, Z). 

 
Fig.2. Fig.2. Block diagram for the control algorithm of geometric 

precision of machining center by measurements of prismatic caliber with 
TTP. 

 
Fig.1. Preset position of the caliber 
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After reading and verification of input data measurements are 
carried out at 2 points (sites 3 and 4 in FIG. 1) to determine the 
angle β [8]. 

The calculated value β is compared with the permissible βmax. 
β > βmax 
If the condition is met, then in case there is an error greater than 

the tolerable. To continue is necessary angular adjustment of the 
position of the caliber. 

This may be achieved (depending on the capabilities of the 
machine) by rotating with appropriate size and direction of the table 
or by manually rotating (stopping) caliber. 

Again verification of angle β and if the deviation of the position 
of the caliber is within the allowable continue with the next stage. 
* It is important that all subsequent measurements to be made in 
specific areas of control sites that were previously attested precision 
coordinate machine. It is necessary fully and as accurately as 
possible locating of caliber in the working area of the machine. For 
this purpose, by means of TTP are determined a coordinates of three 
points (e.g. 1, 3, 5) from three lowland surfaces, forming a tip, to 
which has been performed the initially manual positioning. 
Once you enter the coordinates for the position of the caliber is 
checking the contents of the addresses I, J, K for assigned a value of 
1. 
If the condition is fulfilled check for the presence of clearance in 
servo drives respectively along the axes X, Y, Z. 
The resulting measurements and calculated values BX, BY, BZ are 
compared with zero. 
BX, BY, BZ ≠ 0 
If the measured clearance is less than zero there is a so-called 
overshoot. This means that in corresponding parameter for 
correcting the clearance is recorded larger than the required value. 
If the measured clearance is greater than zero the result is compared 
with Bmax. The size of Bmax is determined by the border of the 
system for CNC software to compensate for clearance. If the 
measured clearance is greater than the Bmax, system is brought into 
an alarm condition.  

 
The display illustrates a text message and control ceases. After each 
amendment, cycle for check clearance must be repeated while 
remove the clearance. At the next check for deviations from the 
position (pitch the screw) of the servo drives proceed if addresses 

U, V, W have a value of 1. Logical and structured, the cycle to carry 
out this test is similar with the cycle to finding a clearance. 
If the addresses X, Y, Z are assigned a value of 1, is starting a cycle 
for checking the mutual perpendicularity between the pairs of axes 
(when X = 1 to XY; when Y = 1 to YZ; when Z = 1 XZ). 
This cycle ends with output values obtained. The results of this 
check can only analyzed and optionally to serve as an indication of 
a need to repair the machine. In order to limit the unfavorable 
impact of potential clearances, apply mainly one-way 
measurements.  
A positive fact for the accuracy of measurement is also that 
systematic error, which participates in the formation of the dead 
band of TTP is constant in one-way measurements. However, in 
unidirectional measurements it is possible that they to be relative. 
As a result, no need to pre-calibrate the TTP for most checks 
(excluding clearance in servo drives). The algorithm has been tested 
experimentally in laboratory technology engineering at the 
University of Ruse "A. Kanchev ". It was used machining center 
MC 040 with a system for CNC - TSO 600. (by license and 
corresponding FANUC 6M-B) and TTP [1] with an original design 
developed in the same lab. To assess the capabilities of the method 
by criteria reproducibility experiments were made at three different 
anchorages of caliber (values of the angle β), and part of the check 
of the geometric precision are satisfied with alternative 
measurement instrumentation. For the purpose used analog 
measurement clock MITUTOYO with constant 0,001mm and 
digital measuring system II1 linear encoder sensor and constant 
0,001mm. 

The measurements with TTP were carried out with four 
repetitions in each point with feeding speed 30 mm/min. The data 
obtained were processed statistically according to the methodology 
described in [2,3] with statistical annex in Microsoft Office Excel 
2003. Some of the results are used as quantitative estimates of the 
uncertainty imported from TTP. Assumed to be true statement of 
[2,3 etc.] and not check the hypothesis that the statistics from the 
survey are with normal distribution. For center grouping in each 
point, is used the calculated average value from the four 
measurements (repetitions). Displayed is an estimate of rms 
uncertainty, calculated by root-mean-square deviation of the 
measured values. To estimate the expanded uncertainty (standard 
GUM - 1995 t.2.3.5) at any point "i" is calculated field distraction at 
confidence interval ωi = 6.Si, and probability 99.73%. For the 
purpose used detailed analysis of the accuracy with measurement 
TTP in two points [2,3]. 

(1) 𝑈𝑈𝑖𝑖 = 𝑘𝑘.𝑢𝑢𝑐𝑐(𝑦𝑦) = 𝑤𝑤𝑖𝑖 = ±3. 𝑆𝑆𝑖𝑖 = ±0.003𝑚𝑚𝑚𝑚 

where k = 3  is coverage factor for confidence level 99.73% 
 

After carrying out the experiment and processing the data obtained 
gives the following results: 
Check angle β. 
Тab.1 

fix
in

g 

№
  

ex
pe

rie
nc

e angle β [DEG] 

 
TTP 

analog 
watch 

MITUTOYO 

 
II 1 
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1 0,801 0,802 0,802 
2 0,800 0,805 0,805 
3 0,799 0,796 0,796 
4 0,800 0,797 0,797 

 
2 

1 1,206 1,210 1,208 
2 1,207 1,202 1,205 
3 1,206 1,205 1,202 
4 1,205 1,196 1,209 

 
3 

1 0,570 0,560 0,571 
2 0,569 0,570 0,568 
3 0,569 0,565 0,569 
4 0,569 0,571 0,567 

 

 
Фиг.3 Determining the angular orientation axis X (angle β) 

 
Figure 4. Check for the presence of clearance and deviations from 

position in servo drives (axis X) 
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Received experimental data is examined to detect big errors. 
Used is a variation of a criterion Dickson. It is convenient and 

powerful enough for this purpose. 
(2)   𝐾𝐾𝐾𝐾 = (𝑌𝑌𝑛𝑛 − 𝑌𝑌𝑛𝑛−1)(𝑌𝑌𝑛𝑛 − 𝑌𝑌1) < 𝑍𝑍𝑞𝑞 , 

where KD is estimated coefficient at criterion of Dickson; 
Y1, .... , Yn-1, Yn - variation order data; 
Yn - inspected member of the variation order; 
Zq - critical value of criteria according to the respective number 

of items in the order (in this case 4). 
KD=0.5<Zq=0.76 

To confirm the first result (second examination) is used and the 
criterion of Romanovsky, which is convenient for data of up to 20 
items: 

(3) 𝐾𝐾𝐾𝐾 = �𝑌𝑌
�−𝑌𝑌𝑖𝑖
𝑆𝑆
� = 𝛽𝛽 ≤ 𝛽𝛽𝛼𝛼 ,𝑛𝑛 , 

where KR = β   calculated coefficient based on the criterion of 
Romanowski; 

 

Y -Estimated average value (calculated average of the variation 
order); 

Yi - Checked value; 
S - estimate standard deviation; 
βα,n - Critical value. 
The result: 
KR=1.25 < βα,n = 1.72 
 
And with both criteria was found that among the checked values 

of the selected variational lines are not available, which should be 
excluded as big errors. Therefore it must be assumed that this also 
applies to all other lines of experiments having less estimate 
standard deviation.  

Experimental verification is made and for any deviation from 
perpendicularity of the axis Y toward X axis (angle α1) on the same 
machine. 

Calculations used the average that is obtained from 4 repetitions 
of measurements at each control point. 

In calculating the deviation is used dependence [8]: 
𝛼𝛼1 = 𝛽𝛽1 + 𝛾𝛾1 ± 𝛿𝛿1, 
β1 is the angular deviation in the location of the caliber (in this 

case β1 = 0) 
γ1 is measured deviation from perpendicularity of the control 

surfaces (sites 2 and 4) of caliber in its appraisal. 
(In this case γ1 = 0,127⁰) 
δ1 = 0,135⁰) is obtained by TTP control. 
Therefore, in this case: 
α1 = 0,008⁰ 
The result can be used by the user to assess the geometric 

accuracy of the machine on this indicator. Data can be use in some 
decisions, representing the development proposed by [2,3,5,6,7]. 

 
3. Conclusion 
Based on the results obtained can be formulated as follows: 
- The experimental survey confirmed the ability of the 

developed theoretical model to control  of deviations in the 
geometrical precision of OC; 

- The developed algorithm and control programs provide 
necessary detail and flexibility of controls for user; 

- The implementation of control through this approach provides 
sufficient accuracy of measurement and is easy to apply in terms of 
small businesses. 
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