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Abstract—The present paper proposes a method for
measuring and compensating for error establishment. The
measurement is done with a touch probe and the measuring
program is a macro program. A mathematical model was
developed to experimentally determine the error of non-
alignment of the axis of rotation of the workpiece with the
Physical axis of rotation of mass C. A virtual approach
to compensate for the error of establishment by using a
postprocessor for the particular machine was also proposed.
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I. INTRODUCTION

The use of touch probes greatly expands the capabilities
of CNC machines. Their use reduces machine setup time,
which increases accuracy. These measurement processes
are fully automated. The measurement method consists in
the fact that measurement is actually carried out by the
CNC machine tracking system, and the measuring head
only perceives the controllable magnitude. Impact on
measurement accuracy is the precision of the machine’s
measuring system, scattering when the touch probe is
working and its moving speed at the touch.

The leading manufacturers of CNC Fanuc, Sinumerik,
Heidenhain and others. Offer dialogue cycles to measure
and compensate for the set-up error. In Fanuc, command
G54.4 is available [3].

11. METHOD FOR MEASURING ERROR ESTABLISHMENT

As an example, be considered a rotary die for sanitary
absorbents (figure 1). Typical of them is that they have
a higher productivity than those with reciprocating
movement. The production of these tools is carried out on
4 and 5 axis CNC milling machines [5]

Fig. 1. Rotary die

After milling, the knives are hardened and the cutting
contour is grinded with high-speed spindles with abrasive
tapered head, mostly made of ultra-hard materials. The
ultimate requirement is to achieve a long life of the
contour. In the process of operation, the tool is worn out,
which necessitates restoration of its cutting ability. This
is done by grinding the outer cylindrical surface of a
grinding machine where the setting is carried out between
centers and the grinding on the side surface of the cutting
contour is carried out on a machining center with a bearing
on the bearing in a chuck. As a result of the change of
the technological base, set-up errors are obtained, which
must be compensated in order to obtain a uniform width
of the cutting track. Significant influence on the precision
of machining is due to the radial beating errors and the
failure of the axis of the workpiece with the axis of
rotation of the C axis. To measure these errors, a method
is used to measure the touch probe in mass position A =
90° (figure 2). The surfaces to which the radial beating
is measured are the two supporting boards 1 and 2 of the
workpiece. Measurement is performed through an angular
pitch of 10° on the C axis when it was at the point of the
machine.

Fig. 2. Measuring radial beating with touch probe
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Measuring motion is on axis Z. The program on which
the measurement is performed is a macro program. It is
organized so that the minimum value of radial beating
pmin is found within 180°. The instruction in DNC mode
displays the measured minimum value and the angle
Cpmin, which is measured relative to the machine’s point
of reference. For the determination of the maximum
beating pmax, the workpiece is rotated at 180° to the
minimum beating angle, where the value is determined by
measurement. Analogously, the values of pmin, Cpmin,
pmax and pmax for the second section are determined.
The algorithm for the measurement is shown in figure
3. At the start, there is a check for calibration of the
touch probe. The calibration is done with another macro
program, where a bearing is pressed into the machine
body as a reference. In the table 1 shows the measured
values for one full part of the workpiece.

.

Go to reference point and set the work coordinate system
with G10 L2 P1 Cre

‘ Initialize variables ‘

Measuring on axis Z and recording the measured Zi and
Czi coordinates

Measuring on axis Z and recording the measured Zi+1 and
Czi+1 coordinates

No
Czitl

C=C+AC
n=n+1

Yes
Yes
Print Zmin and Czmin

Rotate the angle
C= Czmint+180

Measurement of
Zmax and Czmax

Print Zmax 1 Czmax

Fig. 3. Algorithm measuring program

In figure 4 shows the distribution of the radial beating
of the workpiece relative to the axis of rotation of C axis.

TABLE 1.
Angle Measured Angle Measured | Angle of | Measured
of value of .
. . value along | rotation | value along
rotation | along the | rotation . . .
. . . the Z axis on axis the Z axis
on axis Z axis on axis Crl [mm]
cel | mm | cp |
10 79.838 130 79.681 250 79.8
20 79.83 140 79.683 260 79.814
30 79.815 150 79.683 270 79.826
40 79.795 160 79.683 280 79.846
50 79.783 170 79.69 290 79.853
60 79.765 180 79.696 300 79.858
70 79.749 190 79.707 310 79.87
80 79.734 200 79.725 320 79.873
90 79.72 210 79.735 330 79.871
100 79.705 220 79.752 340 79.87
110 79.695 230 79.768 350 79.858
120 79.685 240 79.789
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Fig. 4. The distribution of the radial beating of the workpiece relative
to the axis of rotation of the C axis

Measurement was performed at a feed rate of 30 mm /
min, where the scattering of the result remained constant
[41, [21.

After measuring the error [1] it is possible to
compensate it. The detection error can be compensated
by using the postprocessor for the particular machine
being machined or in a manufacturing model to create
a coordinate system rotated relative to the machine with
rotation equivalents equivalent to the error. To calculate
the error of non-alignment of the axis of the workpiece
with the axis of rotation C axis, Microsoft Excel is used
where the mathematical model of the error is introduced.
Thus, after measurement with a touch probe, the minimum
and maximum beating values and the angle at which
they are measured are introduced into the mathematical
model. On the basis of the analytical dependencies in
the mathematical model the matrix giving the relation
between the axis of rotation of the workpiece and the
axis of rotation of the mass C is obtained. The values
obtained are introduced into the matrix of generalized
post-processor G-POST (figure 5).



Environment. Technology. Resources. Rezekne, Latvia

Proceedings of the 12th International Scientific and Practical Conference. Volume III, 77-80

E Transfarms and Ouput - MC32

Transformation

~Input Transfarmation

Transformation Type: ‘PmntandTuu\-AxisTransfurmaNun

Rotation Matrix
(Y Ratation
(71 V2 Reatation

4 B
¥ ‘1 2000000 |z ‘u.nnunnun |z ‘u.nnnunun |z }nnznunnu |z

X2 Fottin T T S T

T z ‘unununuu |z }u.nnusnaﬁ |z ‘0.9999999 |z }nnsaannu |z

Fig. 5. Transforms and Output page of the generalized postprocessor
G-POST with input compensation values

With the proposed method of measuring and compensating
for the error of establishment, the grinding of the
cutting edge of a rotating knife in a virtual environment
(Vericut) was performed. The values with which the
test was made are actually measured on the measuring
headpiece according to the algorithm shown in figure 3.
In table 2 shows the measured radial beating values for
the supporting board 1 and the supporting board 2 (figure
2) and the angle at which they are measured relative to a
reference point of the machine.

TABLE II.
Supporting board 1 Supporting board 2
Measured values, mm
pmin 0.01 0.02
Cpmin 170 140
pmax 0.16 0.03
Cpmax 350 320

After processing the workpiece in Vericut, the
deviation (marked with a yellow color as a narrow strip)
is seen as a result of the set-up error (figure 6). From
figure 6 it is seen that as a result of the error, sections
of the cutting contour are obtained where it is highly
sharpened and sections in which it has a certain width.
This is unacceptable in terms of the working ability of the
instrument above certain limits.

The set-up error value is entered into the G-POST
generalized postprocessor matrix, and then a control
program is generated with the tool trajectory equidistant
to the error. With the generated control programs, a
“grinding” was performed on the side surfaces of the
cutting track in Vericut’s environment. In fig. 7 shows the
result after processing the workpiece with a compensated
set-up error with the postprocessor. From Fig. 7 it is seen
that a relatively uniform width of the cutting track is
obtained.

Fig. 6. Deviation of the width of the cutting path due to error of
establishment of the workpiece
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Fig. 7. The result of compensating the error in establishment with a
postprocessor

After error compensation and grinding on
the side surfaces of the cutting contour, a two-section
measurement is performed with the X-Caliper tool to
determine the width of the cutting track. The results of the
measurements are shown in table 3, and the sections in
which the measurement in figure 8.

TABLE III.
Section Point Measure value, mm
1 0,279
I-1
2 0,28
3 0,25
-1
4 0,13

The measured value at point 4 shows a difference
due to incorrect setting of the rotation angle relative
to the machine reference point. The task is solved by
recalculating the angle C on the axis, which is set as offset
in the offset of the operating coordinate systems relative to
the machine’s pivot. The study, which is shown, refers to
the most unfavorable case - a curvilinear contour located
on a cylindrical surface, where on these measured values
are accumulated some inconsistencies with the angle at
the tip of the cone tool.

1l

N

Fig. 8. Determination of the size b in different sections of the cutting
contour

I1I1. CONCLUSION

1. An approach is proposed to measure the detection
error in 5-axis machines using the touch probe;

2. An approach is proposed to conpensate the postpro-
cessor error for the particular machine;

3. The set-up error compensating approach has been
verified in a virtual environment (Vericut) where it
is determined that the deviation in the width of the
cutting track falls within the accepted limits.
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