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Abstract: Improving the efficiency of mechanical processing is one of the decisive factors in the 

production of parts on the world market of many machine-building companies. Increasing the accuracy 

of CNC machines by upgrading the control system and adjusting the machine parameters of the CNC 

system in order to compensate for static and dynamic errors of the machine is an urgent task. 
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INTRODUCTION 

The architecture of modern CNC systems assumes the presence of built-in summing and 

comparing devices. This determines the peculiarity of constructing the functional scheme of 

the temperature error compensation system of a CNC machine. In this case, the CNC system 

will include elements, from the standpoint of automatic control theory, related to various 

components of the control system 

DISCUSSION AND RESULTS 

The block algorithms for correction of the compensation system include two independent 

modules. The first module implements OMV technology, hereinafter referred to as "OMV 

correction". The second module implements "zero-correction" and "primary correction". 

The algorithm includes two main blocks: control measurement and control program 

correction. 

The control measurement block analyzes the temperature error at the end of each section of 

the cyclogram. This is achieved by measuring the workpiece on the machine at the coordinate 

for which the "critical size"is defined: 

(1) 

Next, we analyze the correspondence between the predicted and measured displacement 

values: 

(2) 

where is the predicted value of temperature displacements. 
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 - measured value of the part being processed. 

If condition (2) is not met, then the control program correction block is switched to. 

 

Figure 1-Correction algorithm. 

The theoretical basis for correcting the control program is the refined tool path, adjusted by 

dependencies. The control program correction is implemented using an incremental 

coordinate system. For example, in Sinumerik or Fanuc CNC systems, the auxiliary G - 

function G91 is provided for this purpose. 

Figure 2 shows the virtual result of this correction option. Curve 1 illustrates the experimental 

temperature shifts of the spindle for the machine cycle diagram: 3000 rpm – 35 min; 1000 

rpm – 60 min; 5000 rpm – 20 min. Curve 2 (Figure 2a) illustrates the predictive characteristic 

obtained from the dependencies. Figure 22b shows a variant of the corrected forecast thermal 

characteristic for this cyclogram, which takes into account experimental values at fixed 

time points, for example, . The first section of characteristic 21 does not receive any 

changes, because for this section, the characteristic is described by functions. The second and 

subsequent sections (curves 22 and 23) are described by functions (3.9), which determines the 

appearance of discontinuities of the approximating function at the boundaries of the sections. 

 

Figure 2 - Results of the correction algorithm 
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When implementing the "zero-correction" (Figure 3), the temperature shift in the second 

section of the cyclogram will have the form: 

(3) 

A special feature of the implemented "zero-correction" is the zeroing of the initial 

temperature shift at each section of the cyclogram – this explains the accepted term "zero-

correction". The criterion for calculating the first "zero-correction" is exceeding the regulated 

valuetemperature displacement of the spindle  along the Y – axis. 

 

Figure 3-Zero-correction algorithm 

The need to perform the second and subsequent "zero-corrections" is accepted by the user of 

the automated system. This is because 

that at this stage of development, the temperature error correction system is not designed to 

work in real time. Its purpose is to support the technologist's decision-making when 

developing a control program for CNC machines. 

There are no fundamental differences between the "primary correction" and "zero-correction" 
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algorithms. The difference lies in the procedure implemented in the fifth block. In the 

primary correction algorithm, temperature displacements are zeroed out both on the section of 

the cyclogram where the boundary value of the temperature error of the machine is fixed, and 

at each first moment of time on all subsequent sections of the cyclogram without analyzing 

the fulfillment of the ratio. In the "zero-correction" algorithm, temperature movements are 

reset only once in the section of the cyclogram where the limit value of the machine's 

temperature error is set. 

The algorithm for applying "zero-correction" and "primary correction" is shown in Figure 4. 

 

Figure 4-Algorithm for applying "zero-correction" and "primary correction" 

The algorithm includes two loops. A loop with index  j iterates through sections of the 

cyclogram. A loop with an index performs iteration of coordinate axes. 

Performing "zero-correction" showed that the level of corrected displacements in the first and 

second sections of the cyclogram (Figure 5a) satisfies the condition: 

(4) 

Curves 21 and 22are illustrations of parts of the piecewise function in the first section of the 

cyclogram. The curve 23 did not undergo any fundamental changes, but it turned out to be 

shifted along the ordinate by an amount . 
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Figure 5 - Results of the zero-correction" and primary correctionalgorithms 

In the third section of the cyclogram, two zero – correctionswere required. 

CONCLUSION 

From experimental studies, it was found that today the application of the developed error 

compensation algorithms in accordance with the developed methodology provides a 

processing error of up to 10 microns. Improving the accuracy of processing is achieved by 

taking into account the changing processing mode. 
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