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Abstract: A well-known postulate of mechanical engineering technology is — if the part cannot be
processed on this machine with the required accuracy, then you should either use a different precision
machine, or increase the accuracy of this machine.
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Introduction

The practice of modern production of aircraft and rocket technology products shows that
processing a single body part on a CNC machine can take tens or hundreds of hours. At the
same time, the duration of the technological transition, taking into account the wear of the
cutting part of the tool, for example, for end carbide cutters of small diameters (up to 20 mm),
should not exceed 45 minutes, and taking into account modern technologies for improving
tool durability — up to 450 minutes without losing cutting productivity. Continuous operation
of the machine inevitably leads to thermal deformations of the elements of their load-bearing
systems and temperature errors, the reduction of which is implemented by various automated
systems, some of which are reviewed in the first section of the work. It was shown that all
systems of compensation (or correction) of temperature errors of machine tools according to
the basic technologies of their implementation can be divided into three types.

Discussion And Results

The first type of systems provides a preliminary analysis of the thermal behavior of the
machine and the construction of regression models for coordinate movements of the spindle.
Such systems, for example, are implemented in NPO machines "Stankostroenie™ (produced in
Russia, Sterlitamak), Okuma (produced in Japan). The second type of systems uses
technologies for controlling heat-active elements that implement some physical and technical
effect, located in the machine structure. Such systems, for example, along with the systems of
the first type are implemented in the machines of Kitamura (manufactured in Japan) and
Mitsubishi. The third type of system uses OMV technologies (OMV - On Machine
Verification), built on automated part measurement systems installed on the machine.

OMV technologies were used in the implementation of full-scale thermal experiments on a
multi-purpose CNC machine equipped with a contact measuring system based on the TS50
measuring probe of the German company Blum-Novotest GmbH. The accuracy indicators of
the used measuring system, as well as the convenience of its use on a machine operating
under load, allowed us to consider its use in an automated system for correcting the
temperature error of a CNC machine.

Many modern CNC machines are equipped with similar measuring systems, and due to their
low cost (relative to the cost of a CNC machine — the cost of these systems does not exceed $
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10,000), they can be additionally equipped. This creates a fundamentally new opportunity to
improve the accuracy of machining for a huge fleet of CNC machines at a low cost, not
exceeding 5 % of the total cost of the machine.

Depending on the control tasks to be solved, algorithms for the functioning of control
systems, or goals to be achieved, there are: stabilization systems, software control systems,
and tracking systems.

Stabilization systems are designed to maintain a constant level of output parameters.

Software control systems are designed to change output values in accordance with a pre-
defined program.

Tracking systems are designed to reproduce driving forces that obey a previously unknown
law of functioning.

The structure of the machine tool temperature error prediction system (Figure 1) includes five
main blocks: a block for setting a cyclogram; a block for generating field test results; a block
for calculating the temperature error; a block for predicting the temperature error; and a
visualization block.
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Figure 1-Structure of the automated system for calculating compensating impacts
Conclusion

Based on the basic provisions of the theory of thermoelasticity and the results of field
experiments, the assumption of the condition on the linear relationship of temperature
movements of the working elements of the machine with temperature was justified.

An automated system for calculating compensating effects aimed at reducing the temperature
error of a CNC machine has been developed. This system is designed to support the decision-
making of a technology engineer when developing a control program for CNC machines of
the machining center type (drilling, milling and boring group).
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