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Abstract: In this paper thegeometrii volumetric accuracy of the machine toolsdiefinec A NC milling
machine with three axes X, Zis considered and a methodology is proposedf@uating th geometric
accuracy, important in thprecise processing of parts. The application is basedtanstructure of verti-
cal milling machineconfigurec on computer. The deviations from the evaluatiom useful il correcting
the part NC program to contrahe machine tool. The geometric analysis ofrttezhine toc is performed
using components arassemblie that provide displacements in the three motimections For displace-
ments, besides the deviatiansthe movement directiospatial deviations exist. leach displacement-
rection, three deviations amefinec for linear positioningd,, &, 8, and theroll, pitch and yaw error: g,,
gy, & Finally, based on thdetermined value it is presented howhese deviations are applied imple-

ment corrections in part N@rogram.

Key words: linear displacemel, pitch, roll, geometricerrors, volumetricaccuracy NC program com-

puterprogram.

1. INTRODUCTION

Machines and modern technology are characte
by flexibility, simulation possibilities and adafita to
manufacturing complex parts, one of a kind or led
series [4]. In processing parts wihiigh precision on NC
machine tod, an important factor is the gu and ac-
tuators imprecision. To reduce ordbminate this draw-
back regarding the processimgprecisiot, a pitch cor-
rection is applied to the feed screalong thi motion
direction.

The method of determining thgides configuratiol
through the construction aradljustmer diagram shows
that the current measurement metlogs nocharacter-
ize enough the table or saddi®vement or movement
errors [5].

An improved approach iproposed that iadequate
for the accuracy of the geometric measurements [1..
About this, the correctionaluesof a NC programfor
processinga part on aNC machine toc can be deter-
mined with greater accuracyheexistingNCinstructions
makepossible the application abrrection in themotion
direction [15].The parts surfacgeneratio is performed
with smaller deviations.

The analysis othe possibilities ¢ processing parts
with complex surfaces shows that thee of advanced
NC controlledmachine tools is extend. The deviations
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resulting from the ideamotiors of the machine tool
assembliesan be determined and compensi{9, 17].

The theoretical support of this paper is basedhe:
concep of a generalized mame tool consider as a
model incomputer. This concept was applied for the -
time in the paper [6] and then completed in. The
concept of virtual machine tool is used and devetbin
previous papers of the authoiConstantin Sandu and
Costin Sandu).

According to this concept, their configuration ia-
lytically defined: the form of the cutting edgesdF1),
the position and movements of the machine moving
elements, the displayinm time of the generating o-
tions.

These generating motionare mainly performed
along or around an axis (couple s-bearing or saddle-
guideg of the coordinates system attached to each -
or mobile element, which takes part into the getirag:
process [1, 6, 7].

h_
/ TOOth( .ToothJ
;s '@g
Tooth 2

Cuttlng Edge

Fig. 1. Cutting tool withcutting edge definition used
generating theor
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In practice it was found that some deviations from
the motion paths of the machine tools assemblies ar
larger than others [8]. For example, those alomljyec-
tion of movement are higher than those in the perpe
dicular direction. To increase the processing amyr
corrections are applied by adding or removing ar am
mount of the measured value in the direction ofaha-

lyzed movement. For this, in the measurement system
memory there is a table of corrections. This system

needs tens gfis of the microprocessor time during exe-
cution and it fits in real time execution.

2. THEORETICAL ASPECTS

The basic elements of generating a curve are Priefl
presented in Fig. 2, wher&:represents the cutting edge
placed in its initial positionTp), at momentw (T,,) and
namely at momentv + Aw (Ty.); P — part, 5] — to-
pographic areaM, M.,y — fragment generated on sur-
face 5] by the cutting edge, between momewntand
momentw + Aw; S - the coordinates system attached to
the piece and@) — motion path of the cutting edge. In
the analyzed case, this has one of the axes assofa
rotation of the machine [6, 11].

The cutting tool (Fig. 1) is characterized by ooeth
or teeth having cutting edges analytically defined.

The movement along the curv€)(is provided by
two branches, of the tool and of the part.

Another element is represented by the coordinate sy
tem XYZ The next element which supports the virtual
machine performing is the definition of the topqure
planes of the part used in creation of generatefd el

The process of assessing the geometric accuracy

takes into account that for the movement directddng,
or Z there are measured errds d,, d,. These are proc-
essed and inserted in the NC part program as dimmsc
Numerous scientific papers present methodologies fo
the evaluation of the geometric accur§2y16] during
movemenbn anaxes(e.g. X), where three linear errors
O Oxy Oxn @nd three rotation onesg, £, &x [3, 4, and
14] are considered but not applied in the part H@es.
Considering that the machine tool table (1) mowves i
X direction (Fig. 3), it is chosen a poit (Xu, Ym, Zv) In
the workspace (2) which measures the linear motion

Section
surface
‘ [$1]

M,
(Tysaw)
M, ¥ i

Fig. 2. Generation elements.
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Fig. 3. Error definition in a point.

errorsd,,, 8, andJ,, along the coordinate axe§ Y, Z
and the angular movement erragg €., ande,, around
the respective axes. In Fig. 3, the frame origimades
with the workspace origi® (0, 0, 0).

The measurement errors have indices composed of
two letters, the first letter indicating the direct of
movement, and the second one the direction of £foor
the linear axes or around which axis the circulaors
are measured. The tednndicates the linear errors aad
the circular ones.

This paper proposes the approach of the motion er-
rors of each moving element (table, saddle, and)hiea
the longitudinal directiorX, transversal and verticalz,
namely:

» for the movement in th¥ direction, two more linear
errorsd,, andd,, and three rotational errogg, £y, &,

are added to the errdy,

for the movement in th¥ direction, two more linear
errorsd,, andd,, and three rotational errogg,, €y, €,

are added to the errdy,

for the movement in th& direction, two more linear
errorsdy, andd,, and three rotational errogs, €y, €,,

are added to the errdy,;

The basis of the virtual machine construction cetssi
of an ample computing program elaborated and cliecke
in time on various practical applications. The peog is
modularly created, having interfaces communicating
with the operator and machine.

3. APPLICATION

In operation of the machine tools, their table move
ments must be done accurately. This aim is enajed
the machining accuracy of machine parts, alignrasnit
fastening of the guides. The table motion is inficed
by the guide geometric shapes achieved by proggessin
and aligning during mounting, and also by positigni
some adjustment elements of the machine tool veth r
gard to the foundation.

3.1. The measuring method

To measure the geometrical precision of the machine
tool [5, 11] standard devices (rulers, angles,npsisand
columns), levels, optical devices (telemeters, rjaaee
used.

An example of using the level is represented irsFig
4,a and 4h where the motion precision measurement in
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The measurement reference elements consist of sur-
I ND . faces of some assemblies or structural elementheof

— machine tool or standard rulers.
Thus, for each direction of movement, the standard
rulers are mounted, namely: ruler 12 for motionXin

, , direction, and ruler 6 fo¥ direction. Ruler 12 is fixed in
R | C R 1 the transversal saddle 14 through the elementsnéil a
j p— _ I N H X SR A ruler 6 is fixed by the elements 10 on the bedBah
ruler is palpated on the two surfaces by dial ga@end
- 7. To measure in an optical way, it is used therpr8
c d mounted on the machine tool table in selected point
The vertical saddle (head) 2, containing the mhafts3,
Fig. 4. Actual accuracy tes#, b — level;c, d —ruler. is moving in theZ direction on column 1. The transversal
saddle 14 is moving on the bed frame in Yhéirection.
two perpendicular directions is done using a lg¥| Surface 4 is the working surface on le¥et 0.
placed and positioned successively in differenatons There are supplementary errors due to inaccuraties
on the machine table. motion in the three directionX, Y andZ, measured by
In Figs. 4¢ and 4d the measuring scheme of the mo- the optical prism 8. These errors are caused byrans-
tion precision using a standard rul®) (with two sur-  formation mechanisms of the rotation into transkator

faces perpendicular, respectively parallel to theven by imprecision of the linear electric motors.
ment direction) is presented. The reading is peréat

on both surfaces with a dial gau@eplaced in a fixed 3.2 Resultsanalysis
position on the bed frame. For example, the measurement was made on the NC
During the experimental determinations made over amachine tool shown in Fig. 5. Three measuring ot
period of time it was found that this measurement B andC are considered on the machine table and three
method does not fully characterize the precisiotabfe more points D, E and F on the vertical saddle.ha t
motions. established measuring points the deviations of eeeh
The construction of each table is characterized byin X, Y and Z directions are determined. The measure-
three bearing surfaces. The geometric accuracgtis-d  ment phases correspond to the machine table motemen
mined by the precision of machined surfaces, asegnb  in X direction (500 mm) and thédirection (400 mm) on

accuracy, or by the deformation introduced by #e€n-  the length of their movement. For the vertical heaat

ing components. tion on along the column, the measurement is doize i
For assessing the precision of the machine tool, adirection (350 mm).

measuremenschemeis proposedin the analyzed case The cause of the errors is the imprecision of gide

(Fig. 5). and deformations that occur due to the weight ofieso
It is considered the measuring precision of théetéb ~ assemblies and of structural elements that compuse

motion and of the transversal saddle 14. machine tool [10]. The measured data result inrdiag

of displacement errors.

Fig. 5. Proposed accuracy test. Fig. 6. Positions of the measuring poisB, C, D, E, F.
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PointsA, B, C, andD, E, F determine a plane of the
machine tool table or of theertical head respectively.
During the movement, these two planes are rota
about the axes, resulting the werrors pitch, roll, and

=
€102
21 0.1 X-axis travel, mm
e e
50 100 150 200 250 300 350 400 450 500
=
€102
Z101 X-axis travel, mm
50 100 150 200 250 300 350 400 450 500
=
€102
E 0.1 X-axis travel, mm
50 100 150 200 250 300 350 400 450 500
Fig. 7. Linear errordor pointA.
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Fig. 10. Linear errors for poinA.

According to the measurement data and calcule
methodology the geometric motiamrors ol three axes
were determinedX (Figs. 7, 8, 9)Y (Figs 10, 11, 12)
andZ (Figs. 13, 14, 15).

In these figures the correspondiagors for the men-
tioned movements are representadthe limits of the
motion strokes.

yaw.

Values of the respectiverers may be determined by

calculation andre representiin Fig. 16.
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Fig. 17. Correction vectors in the workspace.

To determine the positioning deviations in the work
space of the considered machine tool, the theogeof
erating surfaces given by [1, 5, and 6] is applladna-
chining, a cutting edge intersects theoreticallaocord-
ing to the NC part program a topographic surfacéhef
workpiece (Fig. 2) after a curvid, M. 4. In real cut-
ting, due to the motion errors the theoretical eube-
comesM’ M’ . 4n. Therefore, by determining the vec-
tros M,M’, and My swM’ i s » the real position of the
generating point is established.

Deviations representation is done as spatial cerrec
tion vectors (Fig. 17) in the workspace shown bg th
cuboidO (0, 0, 0),I, J, I1, K1 (500, 400, 330)J;. A set of
points placed in th& direction at a distance of 25 mm
above the machine tool table were considered. Ekesild
N-N contains the correction vectors in the point

225

Fig. 18. Linear errors for poinC.
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Fig. 19. Correction vectors in a point.

In Fig. 18 only the correction vectors in the work-
space contained in the cubai (0, 0, 0),L, U, Ly, Ry
(200, 200, 150), Lare presented in a detail.

Thus, in Fig. 19, for example, in the poivt (150,
75, 0) in the workspace, the error vectors defimgdize
and direction are represented.

The Axy vector is the sum of vector§, ) obtained by
moving the machine tool table X direction and &) in
Y direction. TheAzxy vector is the sum of vectors ob-
tained by moving the vertical head4rdirection, namely
ZAxy (deviation in theXY plane) andzAz (deviation inZ
direction). Vectors are obtained in the workspaeQ(
0) ... (500, 400, 330), in mm. Also, in Fig. 18rthés a
partial representation only for the vectors plagedhe
workspace (0, 0, 0) ... (200, 200, 150), valuessittared
in the directions, Y andZ

The calculated deviations in the points situatethen
workspace determine values of correction in the N&
program. As an example (Fig. 19), for the pdh(150,
75, 0) the corrections are0.020 mm on X;-0.019 mm
onY, and 0.052 mm oA axes.

Correction values determined for various analyzed
points are introduced into the part program. Soraare
ples of changes in phrases of the part program are:

N100 X150 Y75 Z0 F100 becomes
N100 X149.980 Y74.981 70.052 F100;
N100 X150 F100 becomes
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N100 X149.980 F100;
N100 Y75 F100 becomes
N100 Y74.981 F100;

N100 Z0 F100 becomes
N100 Z0.052 F100.

4. CONCLUSIONS

The precision machining of parts requires knowing
the linear and angular errors, measured in the amoti
directions of the machine tool, through successive
movements of the table (oX andY axes) and of the
vertical head (o axis).

Even if the value of the angular errors is of thou-
sandths of a degree, it is necessary to take thmon i
account. Thus, it was numerically determined tobatain
angular error oft 0.005, in processing there will be a
difference oft 0.25 mm for a tool of diametdd, = 50
mm and+ 0.05 mm for tool of diametdd, = 10 mm.
These errors may substantially exceed the perngssib
values accepted as corrections in processing oarthe
lyzed machine tool of some medium or high precision
surfaces.

For introducing the necessary corrections describe
above, it is necessary:
to exist the possibility and an engineer specidlize
using the CNC equipment of the machine tool;
that in the NC equipment computer or in a computer
connected with the NC equipment a special program
is required to be loaded and run for modifying the
point coordinates given in the original NC program
by considering the corrections calculated on thesba
of the errors measured on the machine tool.
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