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Abstract: New evolution of machine tools involves variousnelets of artificial intelligence for work-
piece in the best conditions of precision and dyaldigh geometrical precision is the main factar i
achieving performance criteria. This requires cartabjectives: establishing a methodology for measu
ing positioning errors and ways to decrease thegtalgishing a methodology regarding the causes and
prevention of errors; utilisation of a software errcompensation and modifying CNC program using a
CAM application; verification of the software eféincy by machining a workpiece without errors com-
pensation, and machining a second one with proongssaths improved. After performing these virtual
operations, the workpiece was machined in ordevenfy the dimensional and form accuracy. Thus, it
was used a software application, which we calledGptimization of the numerical control”, which
based on measurements of precision positioning,usad to optimize the coordinates of path processin
so that to increase the geometrical and dimensiawuracy of the workpiece. This program was
checked by machining a test workpiece resultingrgrortant reduction of the finished piece dimenalon
errors. Thus, the main contribution, of this pagerthat using the proposed approach the precisibn o
CNC machine tools can be improved without the w@egtion upon the structural elements of the machine
tool.
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1. INTRODUCTION chine tool table [1, 2]. We can use the followirggrec-
tion: step correction, thermal correction, mutuasigion

In Fhe Ias.t recent years, a great progress ha§ be two axes [3, 4]. Older Computer Numerical Cohtro
made in precision machlnmg. quadays, itis pdesid (CNC) until the 1990 used 4-5 values of step cdioac
make precision parts with submicron or even hancenet along one axis. Actual Numerical Control, like Seams,
accuracy, which paves the way for many _apph_catmns Fanuc or Heidenhain, use a correction systems aith
biomedical, electronic or aerospace engineeringw-Ho automatic increment 1 000 point in both side of ewov

ever, fo_r the rest of problems into aeronautics auio- ment of machine tool table (+ and — %rY andZ direc-
motive industry a number of problems remain unshlve tions)

For instance, the hardness of the cutting toolsvaodk-
piece pose a major limitation on the accuracy efria-
chined parts and tool life. To achieve high accyrad- 2. RESEARCH GOAL
tra-precision machine tools are needed, which ary v Position accuracy depends on thermal and dynamic
expensive. To improve the machining accuracy furthe effects, wear of the moving parts of the structure.
without significant capital investment, real-timerae control precision of machined parts advance satstio
compensation based on sensing and control techgiigue must be found to compensate positioning errorss Thi
needed. It is known that a machining process ctinefs  paper aims to achieve an algorithm to improve th&-p
four parts: (1) the machine tool structure inclgdithe  tioning accuracy of the tool / workpiece duringtowg
motor and spindle; (2) tables of the machine towl the  process.
driving systems; (3) workpiece; and (4) cutting q@ss.
During the machining operations, various errors may3. COMPENSATION THEORY AND ALGORITM
occur.

The majority of numerical commands systems offer
possibility of introducing numerical values for baaxis,
in order to improve the performance of positioning-

We used in our research a software applicationldeve
oped in the Machines and Manufacturing Systems De-
partment, written in Visual C ++ programming langea

In the approach used for the software applicateon,
matrix of errors on the three directions correspogdo
K Corresponding author: _Splaiul Independentei 31Rtos 6, axis X, Y andZ was used. Then make the overlay coordi-
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Fig. 1. Implementation of errors into developed applicaémd export new optimization program.

The method of improving the positioning displace- device detects the difference in wavelength, cauthe
ment of machine tool table is presented in Fighding detection of the distance the table of the machboés
emphasized four main steps. For the first step wasn travels.
ured the errors for each axis, the machine usedekis To determine the error on théaxis, the Renishaw
has three numerical controlled axes. After thatutike system was mounted in front of the machine tool, as
ized a program for a probe workpiece. We insertgtth b  shown in Fig. 4.

into our application for optimization of trajectoand the For the Z axis, the interferometer could not be
program returned the new optimization program f@ t mounted to take measurements directly, so thatag w
probe part. chosen a variant in which the laser beam is reftbett

an angle of 90° as shown in Fig. 5.
4. EXPERIMENTAL SETUP The machine tool, on which the system presented

above was installed, is a milling machining centiith

4.1. Data acquisition . . . vertical spindle and three numerically controllexes
The measurements were made using a Renishaw 'rk'FIRST MCV300)

terferometer equipment [6]. The device is mounted t
performing measurements on all 3 ax€sY andZ, each
at a time. Mounting of the laser was done by piathe
tripod on the ground, using the level containedha
tripod in order to obtain a perfect alignment platatio
the ground. The measurement setup was completéd wit
the mobile mirror mounted on the machine table,ciwhi
is able to perform measurements on all three axey,
andZ.

In order to achieve the measurement accuracyeof th
X axis, the arrangement in the Fig. 3 there waseaeki,
in which the laser beam which leaves the laserhasta
linear trajectory passing through the interferometgen
on the reflector, returning into the laser aftesgiag
once through the interferometer. By changing the di
tance between the interferometer and the reflettier,

Fig. 4. Installing theY axis laser.
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Fig. 3. Installing theX axis measurement setup. Fig. 5. Mirrors aligned for measurement at 90°.
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EC10 compensation unit compensates the wavelengthF 1 3
H H irst point
of the laser beam for the changes in air tempezatur  © o R
pressure and relative humidity. It may also acoepats s 1

from up to three sensors, which measure the teripera
of the machine, as long as that the expansioneoifrtate-
rial to be defined in the software of ML10 lasehisTwill
allow the normalization of the measurements ofrtize
chine tool (in terms of material). This expansiafers
both to the expansion of the machine table (nairguor-
tant), and to the expansion of the ball screw (irtgou
for long lengths of 3—4 m.
Also, this unit allows the compensation for thermal
expansion of the material in linear measuremerjtdf[it
is not used the compensation unit EC10, the variati
the refractive index of air can lead to significanéas-
urement errors. Last point
Humidity sensors are mounted inside the environ-
mental compensation unit EC10. In general, it ismez-
essary to measure air pressure and humidity ivithe-

ity of the laser beam path. This is because la@@yv  chine tool table, where data acquisition is doneaddi-

tions of pressure and humidity are required o @\8g-  tjon, movements occurring under the scheme ar#igast
nificant error in the measurement and there shoatbe 1y highlighting the ball screw, if any, [3].

a _significant change in the work area. However, &C1  pata acquisition is done automatically. We justéhav
unit should be located away from heat sources [5]. to launch the numerical program and expect to rélaeh
For exact determination of the machine tool taéte, 100 line (which means that the program waits arrape
axis movement was performed at the end of the machi (o1 1o intervene). At this time, it reaches theeliof the
table movement, noting the value displayed by ®e-c  ogram, the movable element of the machine toal-(m

trol,. aqd a movement in the opposite direction masle, ~ chine table or the spindle depending on the typmaf
achieving the difference between the two values dis chine tool) is in the origin of the program. Theve ini-

O-—-O0-——0—0—-0—0—0-—0—0+0 N
O-—-O0-—-0-—-0-—-O0——0-—-0-—-0-——0-—-03
O-—-O0—-0-—-0-—-0——0-—-0-—0—0:—0" &
O-—-O0——0—0—-O0—0—0——0—0"—0 o
O-——O0———0——0-——O0——0——-0———0———0=——0 ~
O-—-O0—-0—-0—-O0—-0—0—-0—0—0

O-—-O-—-0-—-0-—-0O-——0——-0-——O0O———0—
O-——O0-——0—-0-—-O0-——0———0———O0———0—

Fig. 6. Representation of movement for machine tool table.

played by the control. tialize Renishaw software on zero position. Thisiés-
Then, the movement of the three axes was shared igssary for the error curve to start from the ori@h Af-
an incremental manner. ter the acquisition of data is automatically swrtthe

To validate the measurements, it was chosen to mak@perator starts the program for displacement ofrtiae
attempts in several stages, as follows: 100 mmm&Q chine tool table.
20 mm, 18 mm, and 10 mm. It was stopped at a pich Thus, as the machine tables moves, data is acquired
10 mm because in this step, the machine could mggip automatically step by step, with a break betweeuist
cally accelerate on the motor axis to reach theired  tjos. The role of this break is to stabilize theaswred
feed speed. However, to precisely determine theé- pos g e (as in a small range devices it takes margusar
tioning error, the smallest increment was set ahr, values, which then mediates a value that is digalayn
and the feed rate at 1 000 mm/min. the screen). It should be noted that according® 230,
the measurements were made without processing the

4.2. Writing the program for displacement of machie ~ Material.

tool table.

For the acquisition of data, it is necessary fer itta-
chine tool table to move with good accuracy. Tpees  5.1. Error map on X, Y and Z axes
the standard 1SO 230-2, data acquisition was made b  In this paper measurements on the accuracy of the
displacing the machine tool table in both positaed  positioning of all the machine axe§ Y and Z were
negative directions five times, with a large numbér made, twice time two-ways working, positive and aeg
points, where measurements were performed on the th tive, in this way measured values are accompanyeahb
numerically controlled axg8]. extremely small error. To view the effects of imoental

The representation of movement in a linear fashionspeed determined values, two factors described eabov
was decided for easy indicating the points by mgvin were varied.
with an increment. There is a time delay in disptaent The determination of th& axis positioning errors
(indicated by arrow tips), of five seconds for Hudtware  was done during five double strokes performed gy th
to have enough the time to make data acquisitid™e T machine tool table. The accuracy of the machineraec
trajectory scheme in Fig. 6 is followed by the miaeh ing to this travel axis is presented in Fig. 7,aiting the
table during running the programmed movement of ma- maximum accuracy of 44 2m.

5. RESULTS AND DISCUSSION
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Machine:mcv300 Axis: X Accuracy 44 2
Serial No: Location:UPB Pos-Dir Rep.: 1.2
Date:13:30 Oct 13 2011 Filename: AXA X STEP 1MM_ RTIRev-Dir Rep 1.1
By:Paraschiv Marius Bidirectional, 5 Runs Bi-Dir Rep 12 2
Fig. 7. Representation of errors ofhaxis.
Renishaw Analysis

Error (micrometres)

Target (millimetres

Renishaw Analysis - Linear

Machine:First MCYV 300 Axis Y Accuracy - 38.6
Serial No: Location:Bucuresti Pos-Dir Rep._: 226
Date:-18:35 Oct 14 2011 Filename: AXA Y STEP 1 MM RTRev-Dir Rep_: 1.5
By Marius Paraschiv Bidirectional, 5 Runs Bi-Dir Rep. : 28 4

Fig. 8. Representation of errors &haxis.
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Machine:First MCV 300 AxisZ Accuracy B 621
Serial No Location:UPRPB Pos-Dir Rep .- 3.6
Date:15:48 Oct 20 2011 Filename: AXA Z STEP 5 MM RTRev-Dir Rep. 3.9
By Paraschiv Marius Bidirectional, 5 Runs Bi-Dir Rep._ - 17 5

Fig. 9. Representation of errors @uaxis.

Y axis measurement. ing to this travel axis is presented in Fig. 8,aifihg the
The determination of th& axis positioning errors maximum accuracy of 624m.
was done during five double strokes performed gy th  The measurements were done with the following
machine tool table. The accuracy of the machineraec  conditions:
ing to this travel axis is presented in Fig. 8,antihg the

maximum accuracy of 38,6m. » for X axis: feed of 8 000 mm/min and displacement
increments of 1 mm, for a length of 600 mm;
Z axis measurement. » for Y axis: feed of 5 000 mm/min, and displacement
The determination of th& axis positioning errors increment of 1 mm for a length of 300 mm;

was done during five double strokes performed kg th « for Z axis: feed of 1 200 mm/min, ad displacement
machine tool table. The accuracy of the machinerakec increment of 5 mm for a length of 460 mm.



M.D. Paraschiv, C.F. Bu and M. Zapciu / Proceedings in Manufacturing 8yst, Vol. 9, Iss. 1, 2014 / 58 57

Table 1 Table 2
Maximum errors for X, Y and Z axes Mea- Difference
AXis X Y Z Dimen- | Nominal sured | between real
sion dimen- Tole- di- surface and
Accuracy [um] 44.2 38.6 62.1 ) rance
on sion [um] men- tolerance
drawing [mm] H sion field
70 [mm] [mm]
o P D1 70 +20 70.183 +0.163
7 _— D2 30 20 | 29365  -0.615
= s0 ﬂ,// D3 30 +20 29.382 -0.598
S 4 // D4 15 +20 | 15.189 +0.169
:’n —— X axis
g 30 ./k/. =Y axis
Rl .
"z 20 Bl Table 3
I Dimension | Real _d|- Tolerance Measu_re
on draw- mension [um] dimension
0 ‘ - ‘ ing [mm] H [mm]
1000 2000 4000 8000 D1comp 70 +20 70.011
feed [mm/min] D2com 30 +20 29.990
. . D3come 30 +20 29.993
Fig. 9. Error evolutions foiX, Y andZ axes. Dleorn 15 220 14.996

To determine the precision levels for each axiasep
rately, more accurate linear measurements were made
modifying the feed rate for each test and displaa@m
increment (determining distance required to acaédeto
maximum speed specified in the initial set-up). i
gest errors on each axis are presented in Table 1.

As we mentioned above, the feed rate was varied t
determine the precision. This is the factor thastrio-
fluences positioning errors without taking into agot
the cutting forces. For these measurements theriged
was varied from 1 000 mm/min up to 7 000 mm/min on
each axis, because this is the range of the fded used
in the usual working on this machine. Further wespnt

After machining the first test part, we optimizeeth
numerical program of part, with the help®©ptimization
of the numerical controboftware. A new part is ma-
chined with the same machining parameters as fr th
éirst part, using the same tools. The new valuespae-
sented in Table 3.

The differences in terms of achieving the valuédias
or outside tolerance field, for workpieces with amith-
out optimization are shown very clearly in Fig. 11.

the variation results for all three axes. [mm]
D1
5.2. Testing the “Optimization of the numerical con o8
trol” software in order to improve the tolerance
of a machined test piece. 70020
After measuring each axis separately, in the next 70 70-0,02
stage, it was machined and measured a test pdtieon 69,980
CNC machine tool. This part was machined without us
ing the trajectory optimization progra@ptimization of [mm]
the numerical controlThe dimensions followed to be 50,020
achieving for test part are shown in Fig. 10 anthitel 30 300,02
in Table 2. 2080
29,365 D2
[mm]
30,020
30 } 30:0,02
29,980 D3
29,382
[mm]
D4
D4
15,189

15,020
15 15-:0,02
14,980

Fig. 10.The dimensions followed during the tests. Fig. 11 Diferencen between D and.f3,
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Fig. 12. Comparaison between initial dimensions and

compensated ones.

Q

Therefore, analyzing the differences between the tw
cases studies, we can make the following statentsnt:

using this software, positioning error values dasesand
a machine-tool that does not have a very high jpositg
accuracy can be software upgraded without modifinat
of drives and kinematic structure.

The difference between the two tests is shown én th

Fig. 12.

There is a high difference between the values ob-

tained by applying the optimization algorithm ofspo
tioning errors with regard to values before compéns.

By using this solution of accuracy increasing, both[4]
qualitative and quantitative errors can be improved

yielding a maximum error value of 61u%.

6. CONCLUSIONS

Precision of the machine tools is the main featfre
their processing quality. On the market conditibased
on a higher quality at the lowest possible costs,iin-
provement of the geometric precision solutionsrisra
dispensable solution in today industry.

This paper examines the geometric precision of
milling machining centre having three CNC axes. For

highlighting the linear precision characteristia) ax-
perimental protocol based on laser interferometnysied.

Measurements were performed on the three dire¢t{yns
Y and Z getting the accurate information corresponding

to each linear axis.

d"

For increasing the quality of the machining process
an algorithm was developed, which aims to corretlate
positioning errors with the position determinedeaft
CAM programming.

The measured positioning errors were analyzed in

terms of feed rate and its linear behaviour wasiobt.

Developing the compensating algorithms for the posi
tioning precision, using neural networks is onetloé
future directions of this research.
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