DE GRUYTER

Open Phys. 2019; 17:857-862

Research Article

Qian Gao and Pingchuan Zhang*

The Errors Recognition and Compensation for the
Numerical Control Machine Tools Based on Laser

Testing Technology

https://doi.org/10.1515/phys-2019-0090
Received Nov 04, 2019; accepted Dec 02, 2019

Abstract: To improve the accuracy of numerical control ma-
chine tools error, this paper studies the application of laser
testing technology in numerical control machine tool, and
put forward a laser interferometer automatic aiming sys-
tem which can conduct space error measurement. The sys-
tem, in the process of the NC machine tool operating, can
measure the machine tool space curve through changing
the direction of the laser. The principle of laser interfer-
ometer and matlab analysis are adopted, through the ex-
periment of laser interference technology in the numeri-
cal control machine tool, the law curve of error in NC ma-
chine tools is obtained, getting the method of error of NC
machine tools. When conducting laser testing error exper-
iment in NC machine tool, the results show that the laser
testing can measure aggregated error and thermal error of
NC machine tool better, with small control of environment
and high accuracy of measurement.
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1 Introduction

The current NC machine tools develop very rapidly, and
the accuracy of NC machining also increases significantly.
But the positioning error of NC machine tools will also af-
fected by scale error and geometric error, impacting on
products processed by NC machining. In order to make
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NC workshop produce high quality products, and also im-
prove the productivity, it is urgent that realizing efficient
and fast control on the error of machine tool in the pro-
duction of NC machine tool, so we can get products with
small error and high precision, achieving no error produc-
tion. This has relatively high requirements on instruments
and technical that measuring error.

The dual-frequency laser interferometer is high pre-
cise equipment measuring NC machine tools in contempo-
rary. In the actual operation, the measuring technology of
laser interference can accurately measure the actual posi-
tion and ideal location in the process of operation, achiev-
ing the error measurement and the function of error com-
pensation [1-4].

Professor Yang Jianguo, through the cooperation of
foreign NC enterprises, has found a method using body
diagonals to measure spatial position error in the pro-
cess of NC machine tool operation, which is based on
laser Doppler technique and multi-step measurement, er-
ror control in NC machine tool operation can be realized
by using a simple laser, creating conditions for error com-
pensation [5].

Mark A. V. Chapman has analyzed the measurement
precision of laser vector diagonal from the principle of NC
machine tool error forming, and measured the size of er-
ror accurately, also pointed out that the test data by using
this method for error compensation may have some defi-
ciencies.

H. Schwenke and others have proposed the laser track-
ing method based on the measurement of single laser
tracking interferometer, this method cannot be influenced
by external environment, namely, there has no direct rela-
tion with the run length of the NC machine tool, and the
reference object is static, and this method can reduce the
inaccuracy of measurement [6].

A team from Shanghai Jiaotong University, through
the analysis of three-axis NC machine tool error, has pro-
posed a measuring method of three-axis NC machine tool
based on the raster, through detecting the linear motion
trajectory precision in the three coordinate planes, the lin-
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earity error has been obtained, then through the three co-
ordinate plane, the trajectory accuracy of circular motion
is detected. The aggregate error of NC machine has been
got effective control [7].

In the actual production of the NC machine tool, due
to the limitation of machine itself and the work envi-
ronment, NC machine tool will produce positioning error
and straightness error, etc., influencing the products pro-
cessed, especially for precision processing parts, small er-
ror will affect the precious parts, the automatic aiming test
system studied can obtain the error in the process of op-
eration, implementing the compensation of NC machine
tool [8].

Therefore, this paper puts forward the error identifi-
cation and compensation of CNC machine tools based on
laser detection technology.

2 Material and Methods

As for all parts composing NC machine tool, they will pro-
duce error inevitable in the operation, and that each part
will also produce error. Through analyzing the aspects of
error generation in the processing, it has been found that
when the machine tools in manufacturing the coordina-
tion of various assemblies will produce geometric error.
Due to the high speed and high temperature, and if cool-
ing is not timely, produce thermal error will be produced;
the weight of NC machine tool is much heavier, in the pro-
cess of cutting, it will produce vibration, and also cause
the deformation in cutting; Servo system of machine tool,
in the process of producing power, will also under the in-
fluence of voltage and current, causing errors; In addition.
NC machine will also be affected by external factors. In the
previous production, usually the direct measurement error
is adopted, and the positioning error is taken as an exam-
ple to show its principle [9-12].

2.1 The direct measurement of positioning
error in machine tool space

Because the existing methods cannot directly measure er-
ror vector, the traditional method is a one-dimensional
ball array measuring the error of single unit in NC machine
tool, the analysis conducted also needs subsequent calcu-
lation and other studies, and the work needed to be done
is very large. As shown in Figure 1, the one-dimensional
ball sequence is neatly ranked above the machine tool,
and then the position of one-dimensional sequence is ad-
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justed parallel to the position of the X axis. Through the
three-dimensional camera on the principal axis of ma-
chine tool [13], the coordinates location of centre of each
ball in ball series can be measured, the positioning of ma-
chine tools is the difference value, the formula used is
shown as follows:

6x(X;) = X; - L; o))

Of which, X; refers to the center of ball distance value in
the machine tool, L; refers to the reference value of dis-
tance between the balls, §x(X;) refers to the positioning er-
ror values of X coordinate axis in the location of i.
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Figure 1: The structure diagram of one-dimensional ball measuring
method

2.2 The measurement principle of laser
testing

The measuring principle of laser interferometer is as
shown in Figure 2. The principle of laser interferometer is
achieved using the interference principle of light principle,
and also combining with the Doppler Effect [14-16]. The
two laser beams in Figure 2 have equal amplitude and dif-
ferent frequency, the specific working process is as follows:
the laser 1 located in right sends out the light, and goes
through A/4 slice in Figure 2, then the light changes into
different linear polarized light. Using the optical splitter
3, part of the light is reflected, therefore through analyzer
4, the light will form different frequency signals, and then

Figure 2: The measuring principle diagram of the laser interference
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Figure 3: The reflection principle of xy plane

the signals are accepted by the receiver 5; This part of sig-
nal is known as the reference signal [17, 18]. In the figure,
the number 3 represents the optical splitter, and the rest of
beam can be spread to polarization spectrometer 6 through
the beam splitter, so the two beams, through their respec-
tive reflector 7 and 8, finally converge to the polarization
spectrometer. Through the reflection of prism 9, transfer
to the polarizer 10, finally received by receiver, this is the
final measuring signal.

On the basis of the above laser interference, the align-
ment settings is increased, as for the working principle,
it is as follows: the alignment principle of xy plane is as
shown in Figure 3. A stands for interferoscope, B repre-
sents reflector, and B can be expressed as (xg, yp), when
the reflector B rotating to B’, the values in the direction x,
y increases Ax and Ay, when rotating B, the light beam oc-
curs deflection, and the interferoscope should go around
z rotating a certain angle to keep the position of the beam,
the reflector should rotate to keep balance. In the figure,
the rotating angle of interferoscope A at the beginning is
as follows:

¢a0 = arctan (yp/x) ©)
The initial angle of the reflector B is as follows:
®po = arctan (xg/yp) (3)

The interferoscope should rotate the following angle:

@4 = arctan [(yg + Ay) / (xg + AX)] (@)
—arctan (yg + Xp)
It can be seen from the figure that:
pp=21-22=¢po—[90 - (Qao + Pa)l )
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=90-Qa0—90+ Qa0+ Pa=Pa

From the above formula, it can be concluded that the
angle of reflector is equal to that of interferoscope. The an-
gle that the reflector should rotate can be obtained as fol-
lows:

@p = arctan [(yg + Ay) / (xg + Ax)] - arctan (yg/xp) (6)

3 Results

3.1 The error measurement of NC machine
tool

The experiment, adopting model XL-80 laser interferome-
ter system, carries out direct measurement and also analy-
sis on positioning error in coordinate axis and the error in
the vertical direction of 3-axis NC machine tool. Due to the
limited experimental conditions, the other errors are not
analyzed. The positioning error is the difference between
the actual position and target position, and it is an impor-
tant index of machine tool accuracy, reflecting comprehen-
sively the manufacturing assembly accuracy of mechani-
cal part, feedback control accuracy of numerical control
system and the thermal and mechanical coupling proper-
ties between the machine tool and environment.

The positioning error in X axis is as shown in Figure 4,
the positioning error turns a downward trend as a whole,
in the process of falling, the fluctuation is much smaller,
and the overall trend is relatively stable, the maximum er-
ror is 15.1um, occurring in the location x = 600 mm.

As shown in Figure 5, compared with the positioning
error in X axis, the change trend of the positioning error
in Y axis presents the overall upward trend, though in the
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Figure 4: The positioning error in x axis
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Figure 5: The positioning error in y axis
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Figure 6: The error in vertical direction of x axis

middle there is a relatively small fluctuations, the overall
increasing state is relatively stable. Observing the error val-
ues, it can be found that the obtained value is relatively
high, the maximum error is about 28.56pm, lying in the
location y = 445 mm approximately. Because the gap exist-
ing between ball screws causes the error, so the error value
will turn a rising trend with the increasing of y value.
Unlike the above positioning error, the straightness er-
ror in X axis shows very small. As shown in Figure 6, the
straightness error in vertical direction of X axis shows a
trend of increase first and then decrease during the route
0-130 mm, afterward it increase dramatically during the
route 130-280 mm, it can be seen that the image start to
fluctuate in the location 1.8pum, and in the location about
X = 400 mm, the error produced by slide way in the loca-
tion 400-600 mm is the largest, because products are often
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processed on the slide way, generating larger error. In gen-
eral, it can be seen that if the value of x is larger, the error
generated shows a rising trend.

In the pitching angle error of NC machine tool, as for
the X axis, the pitching angle error in the process of route
increasing presents a downward trend, due to the error has
nothing to do with the positive and negative, it can be seen
that the error becomes larger with the increase of route,
and the maximum lies in the location about -56 um. It is
as shown in Figure 7:
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Figure 7: The pitching angle error in x axis

In the process of y axis movement, as shown in Fig-
ure 8, the pitching angle error becomes larger with the in-
crease of route y, the maximum is about 12um, far less than
the error in X axis, what’s more it fluctuate more noticeable
in the middle.

3.2 The error compensation of NC machine
tool

Though the error of NC machine tool caused by many rea-
sons, through a lot of experiments it can be seen that the
error has its regularity, and the value of error will main-
tain relative stability in the position of machine tool move-
ment. Therefore the error can be simple measured, getting
the rule and obtaining the compensated values. As for the
error of NC machine tool, the most fundamental thing is to
realize the error detection in the process of machine tool
movement, get the size of the deviation and find the rule,
then conduct effective compensation of NC machine tools.
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Figure 8: The pitching angle error in y axis
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Figure 9: The error before compensation in x axis

The laser measurement technology not only measures the
error of NC machine tool with high precision but also its
automatic aiming system can realize error compensation.
The effect of compensation can be proved through ex-
periment, and Figure 9 shows that before the compensa-
tion, the error range of laser interferometer measurement
is between -15 and 10, it also can be seen that its error
becomes larger with the increase of the route, the change
trend is very obvious. In Figure 10, after the compensation
of laser interferometer measurement error, it can be seen
that the error range is between -4 and -1, although the
fluctuation in the middle is more noticeable, the amplitude
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Figure 10: The error after ompensation in x axis

value is very small, realizing the processing compensation
of NC machine tools. The error effect is very obvious.

In the current error detection of NC machine tool, ther-
mal error is also existed. The forming reason of thermal
error of NC machine tool is complex temperature field. In
the process of machine tool movement the generated lots
of heat and deformation make the machine tool produce
thermal error. Measuring the temperature of machine tool
at different time can get the changing rule of thermal error
of machine tool, so the error amount can be obtained. In
the aspect of thermal error, the sensor is installed to get the
wanted value. The laser testing technology can measure
the thermal error, and mathematical model is also needed
to establish.

4 Conclusion

Laser testing technology, as the method measuring the ma-
chine tool error, has a good effect. The principle of auto-
matic aiming of laser testing in the NC machine tool is
studied, and the feasibility of automatic aiming system is
proved. Based on the technology of laser testing, the er-
ror in the operation of the machine tool can be got, ob-
taining the deviation of NC machine tool more simple and
accurate, and also conducting compensation effectively.
The laser testing technology, as the high accuracy measur-
ing technology, gets rid of traditional direct measurement
shortcomings and improves the error precision of the NC
machine tools. It has larger significance for the produc-
tion of NC machine tools. But good feedback design isn’t
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achieved in this study, worthy to be studied continuous in
the future.
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