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PARAMETERS CONSTANCY - MUCH MORE IMPORTANT THAN THE IR VALUES
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Abstract: In techniques, in all branches (without exceptibthink) the knowledge of a parameter, of a
variable value would allow to take suitable measui@ the negative influence compensation, diminish
ing of that one. If the considered parameter hasiaforeseeable variation, evolution with suddem-ra
dom jumps it is hard to conceive that efficient penmsation measures of its influence could be taen.
the contrary, if the error of that parameter, itsviation from a rated value is constant, or it &pkwithin
statistic limits with a small & one could conceive efficient measuring and cosgan measures. The
paper is proposing to demonstrate that thing indhse of machine tools. It will be shown why sorae m
chine tools are accurate, but others in some liputdy. This paper is a continuation of a formeepre-
ferring to the bearing area.

Key words: machine tool, parameter constancy, accuracy, ecanpensation

1. INTRODUCTION From the machine tool point of view, those condi-

tions would be satisfied if:

the machine tool accuracy would be the same withi

the whole working space;

i the likely deformations would be linear and mpla
parallel;

iii the machine tool stiffness would be constantlii-
ferent of the direction, or relative position oétmov-
ing assemblies;

iv the adjustments, variation range of the opegapa-
rameters to allow to the operator to get the rexglir
machining accuracy, within the competitive output
conditions.

In the following they will be analyzed some parame-
ers which are desirable to be constant in timespate.
Indifferent of their value, their knowledge woullibav to
the operator and to the supporting technical teangi¢
neering staff, programmer, technical leadershipthef
machining workshop) to take correction measurez-Ha
&rdous, non-linear variation of the magnitude ajsth
parameters leads to a high uncertainty level, whimin-
pels the operator to perform numerous intermediary
checks (measurements), and to a high risk to nhiss t
enumerated goals.

Into another paper [7] | highlighted the importade
the bearing surface, both concerning the stabfbtiff-

Actually, in the whole surroundings anything is-nei
ther permanent, nor constant. We, human beings, are
claiming each other to offer, to provide goods sed
vices of high and constant quality. In all engimegisci-
ences it oughts to exist a permanent preoccupaton
cerning:

- highlighting the parameters disturbing the tedbge
ical process, which are guiding to the variatiorthef
products quality;

- control and compensation measures, methods, proce
dures of some errors, for assuring a constant jgtodu
quality.

For any machine tool owner/user, when he is receiv-t
ing an order to deliver a part or a batch, one puthe
main, the following problems:

1. To machine the part(s)-within the specified dgond
tions into the manufacturing documentation-withihue
risk of scrapes appearance, sometimes in the whol
working space, indifferent of the machining procdss
ration or piece “position” in the batch to be masdv

2. To achieve, to machine a “concordant” workpiece
for the first time, without the need of the “tegqe"v

3. To perform the processing within a time interval
assuring the competitivity with other manufacturarsl

to frame within the agreed budget into the deliveon- ness) of an assembly, and the constancy of soraengar

tract. i . ters within the whole working space (the movemeéaitlf
For those reasons, it is necessary that the machlngf the mobile assemblies)

too_l owner (.h's Spe(;lahSC;[S) to kpow Its gi_ha\”m'_ﬁ\’;g In this paper | would like to present several pagam
various environment and operation conditions. 2 ters of which “evolution” has a great impact on the-

have the certainty (except some hazardous evehtkgo chine tool accuracy in time and space, but | digmt-

success “for the first time”, to fulfill the aboweentioned posed to approach the problems which the workpiece
conditions. and the cutting tools are putting in reaching tleefqr-
mance parameters.
. _ _ NOTE: As it is commented upon among the special-
Buccﬁgreessﬂogcgr?%n;“tho" Bd. Basarabia, No. 250, 8e@0 jgts for a long period of time, there are diffdrepinions
Tel.: +40722570783; concerning the term “accuracy/precision” and “etror
E-mail addressprofexconsult@yahoo.co(@. Gornic). Often by the two terms it is understood, actudkg dif-
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ference between the rated value of a parametere(dim ii. Boring spindle position variation at a jig bog ma-

sion, form, position etc) and its actual value mateed chine machine, at constant speed (Fig. 2.a, b and ¢
on the workpiece, which defines a movement, distoyt  iii. Concrete bed of a parallel lathe dilatation dao
etc. (Fig. 3).

2. TEMPERATURE

The machine tools are operating in industrial work- 1o
shops, which could be with controlled/stabilizednie
perature, or without installations assuring suattiag. ~

Generally, the first workshops are “blind” buildig w [ I
equipped with internal air circulation and temperat -
control (some times of the humiditay, too). Depegdin N —
the experience and other conditions, other measure ‘Z’ | l;%/

could be taken. -1 "

In the second case, for diminishing at the minimum . . o o o -
the potential negative influence of the environmémty —
are necessary several measures, among which: a
- the avoidance of the influence of the conceattat

heat sources on the machine structure (heating sys ¢

tems, direct sun light etc); | m m
- the avoidance of the horizontal air streamsugdhs) \ }

etc.

These are external factors to the machine toolchvhi ‘ ‘ ‘ <
must be taken into consideration by the user, anchist | ‘ | /
cooperate both with the workshop builder, and wtiité | ‘ |
machine tool designer/builder. U ® w®

Other factors which could negatively influence,nfro 0 10bo
the thermal effects point of view, the machine tactu- 2000
racy parameters and their constancy, are conndoted |
intrinsic machine tool components. They could be of | |
design, technological, using, maintenance type. b

The heat presence into the machine tool structurerig. 1.positioning accuracy parameters variation due tmen
components has, as a main effect, the compondata-di er temperature variatioa: — digrams;o — mesuring setup.
tion. From multiple reasons (materials anisotropsi-
ous masses, different dilatation and “a little” feiient Table 1
heat transfer coefficients, design restrictionsikings Deviation constancy (on the same
etc) the dilatation could lead to deformationstatisons. controlled axis) at distace 1 000 mm.

Instead of plan-parallel (foreseeable, known) defor 0 1000

mations, which could be compensated, multiple ianat ‘ 1 J f

appear (around of instantaneous rotation centbri)g-

ing about, finally, to appearance of deformaticistor- T 0 - |+28 [+41

tions. 2 | +13 | +4 |+28 |+39
3| 410 —2 | +28 |+41

2.1. Effects _ ) ) ) 4 [ +9 =1 [+28 | +41

a. Uniform, proportional, plan-parallel dilatations, i

- there is a uniform (internal and external) tharm S| +8 =3 | +28 | +40

field, namely a constant/linear temperature variati
(depending on design, and technological, using, Table 2

maintenance, external parameters);

. . . Deviation constancy (on the same
- materials in contact have the same thermalalitai y(

controlled axis) at distace 2 000 mm.

coefficients;

- materials have the same heat transfer coeffiien 0 2000

b. Uneven dilatations-deformations, which are due to l 1 ! f
non-observance of any of the above conditions; 1 0 —  |+54 |[+52

c. Examples:

i. Positigning accuracy parameters variation duen- 2| +10 | +6 |+52 |+50
coder temperature variation (Fig. 1.a and b), #ned t 3| +9 | +6 [+52 [ +50
deviation constancy (on the same controlled axis) i 4| +7 +6 | +52 | +48
the condition of the minimum encoder temperature 51 44 | +11] +52 | 127
deviation (Tables 1 and 2);
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Fig. 2. Spindle deformation and temperatuae: boring spindle
mesurement points; —temperature variatiorg,— deformation.

Fig. 3. Parallel lathe concrete bed dilatation mode.

2.2. Measures to be taken
2.2.1.Emitted heat amount diminishing and its equaliza-
tion (constancy) by

by rolling friction, replacement of the dry/semixfd
contact with the wet (fluid) friction (hydrostat-
ic/hydrodynamic) by the oil temperature controk th
use of materials assuring a dry lubrication, magnet
sustentation. The use of hydrostatic gudeways has
several advantages:

much lower friction and, consequently, much lower
heat generation;

high stiffness and lower vibrations;

no gideways/slider wear, so keeping the accufacy

a much longer period of time;

higher response fidelity to the control signaid ¢hus

a higher positioning accuracy (Fig. 4) [4];

diminishing of the forces heat generating (egn-c
trifugal forces in rolling bearings, in the bearing
system), by:

Diminishing the mass of the rolling elements hal
rolls) either by using lower density materials (eg-
ramic rolling components instead of steel onesj.(Fi
5.a, b)[ 19,16](codes HCB,HCN,HS,XC, [19]), or by
using bearings with a greater number of rollitey e
ments, but with smaller dimensions (Fig. 6)[21,
19](series 719), with the same overall dimensians,
by using cave rolling elements (easier to be per-
formed for cylindrical, taper, spherical rollersytb
much more difficult for balls);

lasca

mealss ! meato

| meafo

—atha—

a b
Fig. 5. Ceramic rolling components with reduceed mass.

Uiy 2877 7/

Diamater Series 9 Diameter Series 0 Diameler Serigs 2

a using components with high output (as low asiposs iy ¢ Bearings with greater number of rolling elements and

ble friction coefficient): sliding friction to beeplaced

smaller dimensions.
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Pressure control

Temperatura delia macchina

| Tamparatura del differenzisle

Tempemtura

Temparatura di lavoro -

Temperatura Uiitl:n ;

a
* Fig. 8. Keeping the temperature difference between the ma-
= = chine structure and the oil at constant level.

i c. Rolling bearings supplied with oil:

b ¥ - heated, at the beginning of the operating petiqdo

b the reaching the stabilized temperature of the -bear
ings (rather quickly);

Fig. 7. Proper assembling depinding @ speed/loading - later, oil cooling, for keeping the bearings dtabd

B.

2.2.2.Heat efficient removal/exhaust from the space it

is

2.2.3. Providing a constant temperature into the
whole structure, in condition of operating and environ-
ment parameters variation, of the loading cond#j22].

a.

b - constant preloading. temperature.

The following remarks must be done: after tempera-
ture inside a main spindle bearing system is stazuil
(which, depending on the machine, bearings typasi-lu
cation method, temperature control, operating dor
etc could last 056 hours), the dilatations/deformations
produced by the generated temperature inside the be
ings, could develop several hours. The goal of dey
sign, technological measure is to control both\takie
and the evolution mode of the deformations, reéape-
sition between workpiece and the cutting tool, fiedent
of the machine tool or workpiece type.
2.2.4.Designing[22]. The measures which could be tak-
en in that stage include:

a. machine designing by thorough knowledge of the
machine tool type thermal distortion;

. by designing as simple as possible construction:

structural components, mechanisms etc;

heat sources discharging/removal from the machine

tool body;

d. assuring the thermal balance of the machine streictu

by properly placing of the heat sources.
2.2.5.Thermal distortion by specialized operating sys-

) tems and temperature active stabilizing systemschwh
Several methods have been used: are taking into account [22]:

Hydraulic components heat generating( pumps, tanks, workshop temperature changing (variation):

hydraulic blocks etc) have been ren?o".ed .from fche_ machining process parameters variation (spesuk-e
structure components, to allow heat dissipatioh-wi cially):

out |anue_nC|ng_the machine components accuracy. presence or absence of the coolant.
(shape, dimensions) [4];

Providing proper fittings/assembling of the camp
nents (bearings, ball screws) and suitable (depgndi
on speed or/and loading conditions) (Fig. 7.a)d6]
constant operating preloading (Fig.7.b) [21];
Avoiding/removing the eccentric masses of the as
semblies in rotation movement (static and /or dynam
ic balancing);

Components machining with shape (roundness
cylindricity) and position (coaxiality, parallelisetc)
errors as low as possible, taking into accountojre
erating conditions and the movement accuracy.

generatedlt is assumed [5, 20]:

a ratio between the oil supply/oil exhaust areés
minimum 1:4;

an independent oil removal from each bearing, butC
finally, collected in a single duct, for preventitige '
appearance of the pressure variation.

o

. Some structure components of machine tools( univer—3 GUIDEWAYS ACCURACY

sal round grinding machine bed, portal type milling

machine, high accuracy machining center[10] ete) ar  The movement of any rigid body or of a machine tool
“washed” by controlled temperature circulating oil, assembly on a guiding system implies six degrees of
water or air flow. A very interesting (and efficign freedom (Fig. 9)[23]:

synchronizing system is used to keep the temperatur- along the movement direction (position error);
difference between the machine structure and the oi- two square each other on the movement direction

at constant level, even when the environment temper  (straightness error);

ature varies. There are only light thermal variagio - three rotations around the reference system ag#s (r
and the accuracy is kept constant (Fig. 8) [4]. pitch, and yaw).
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Fig. 9. Six degrees of freedom for a machine tool moving
assemly.

At a machine tool with three coordinate axes, theb-

freedom degree number is, at least, 21: 3x6=18edsgr
according to the above mentioned, to which it ideati
the squareness between the three axes (two by tevo),
tally three. In case of a rotating spindle, oth&o tde-
grees of freedom appear, at least: rotation ardsnoiwvn
axis (CL) and dilatation along its own CL. Besides-
ing to the variation of the relative position oetmova-
ble assemblies (e.g. at a horizontal boring andingil
machine with movable column-floor type- with ramdan
boring spindle) elastic deformations appear botlthat

13

A lot of errors of the assemblies with, theoretigal
straight movement are due to the guideways manufact
ing errors, and in the case of long beds, builinfrmod-
ules, because of their adjustment errors.

The typical guideways errors are:

- shape errors: straightness on two square direstio
flatness; torsion;

- relative position errors: parallelism; squarenéss

tween the bearing (supporting) and the guiding sur-

faces.

The combination of all those errors could lead to:

Appearance of five error types at a linear displace

ment of a moving assembly, namely:

- straightness errors, in two square planes;

- angular errors, around the coordinate axes.

Torque variation at the driving motor and in the

whole feed mechanism.

Early (premature) wear of the guideways or of the

feed mechanism components.

- Relative errors between the cutting tool and the
workpiece amplifying, by moving assemblies rotation
in movement, due to the moving tool or workpiece
cantilever variation.

If some errors could be compensated, others could
have unforeseeable evolutions (due to the above- men
tioned reasons, to which some environment factoudc

C_

moving assembly, and at the supporting elementd, (be be added), which raise particular problems whenhinac

column etc). Those deformations are not linear theg
are yielding the alteration, variation of the t@il posi-
tion to the machine tool coordinate axes.

ing some large and high accuracy workpieces, whan m
chining batches of identical workpieces.
The measures the machine tool manufacturer has to

By checks (sometimes very much time consuming,take (machining accuracy of the structure companent

which need specialized instruments, specialisthéas-
urements and results evaluation) it is possiblplod the
errors of different types (straightness, squarerete}

which, by means of the present CNC equipments could
be recorded, memorized. Depending on the moving as-

semblies position when machining, those diagranuédco
be used for compensation of the relative errorsvéen
tool and workpiece.

and the adjustments) must be completed by thehyser

- building a suitable foundation,

- avoidance of the influence of the disturbing dast
external to the machine tool (external heat sources
air draughts).

| consider that it must be underlined the fact that
guideways torsion is one of the factors generathwy
most and more complex problems in assuring the lmobi

Other errors are compensated by machining of somé@ssemblies movement accuracy, and, implicitly, fef t

components (e.g. the columns of the horizontal rgpri
and milling machines) with an error of oppositeediion
to the deformation.

Some remarks must be done:

machining accuracy. That error type could be awbicle
a proper guideways machining, only. In the cas¢hef
machine tool beds, even if the guideways were nmachi
within the allowed (tolerated) limits, the errorsutd be

The error plots are ascertained when checking thdncreased by an unsuitable adjustment/assembling.

machine tool “idle running”, that is
- in the absence of the cutting and dynamic forces;
- in certain environment conditions;
- very seldom in a stabilized temperature conditiains
the machine tool.
i- If the linear errors could be compensated without
serious problems, the angular errors didn't, yainfl a
practical compensation method.

The guideways accuracy parameters variation has a
peculiar effect in the case of hydrostatic guidesvany
variation of the guideways geometry (errors) islieg to
the oil film thickness variation, which, at its tyrarouses
the stiffness variation of that assembly. A consege of
this phenomenon is the machined surface qualityutac
racy), indifferently of its type, machining procedu

In machining, when using a machine tool, the above, o~ UNDNESS. CYLINDRICITY. SHAPE

mentioned errors represent just a part of the ttalr of
the machine tool. On another side, the found esan
machine tool “idle running” could differ much endutp
those in use, because of some external parameténs t

ACCURACY

The great majority of the machine tools are usimg r
tation movements either for the tool, or for the

machine tool (environment conditions, the workpieceworkpiece, sometimes the both. A rotation movement

mass/weight), and because of some internal fagtis
formations owing to the relative position of the vimg
masses, owing to the thermal conditions variatooning
to dynamic loading, cutting forces).

supposes a housing (bore), a spindle and the lgesys:
tem itself (indifferent of its type). If the maipisdle has,
theoretically, the same stiffness in all radialedtions,
the same is not valid in the case of the housingsally,
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the wall thickness variation could lead to the ahgiiff-
ness variation.

That one is influencing the machined surface (ivaér
or external) shape. From that point of view, thapsh
error of the machined surface-roundness-could lie es
mated, ascertained as value and orientation.

In the operation of such assembly, with rolling trags,
they are met the following elements, too:

C. Gornic / Proceedings in Manufacturing Systenm, ¥, Iss. 1, 2014 /48

Roughness (micro-geometry) and waviness (macro-

geometry) of the bearing seats

Bearing assembling procedure, checking technologies

of the components, machining errors compensation et

Continuous, random combination of all those parame-

ters is leading to a probable range of the machmae
face roundness error (Fig. 11) [18]. If the maalinie-
quires a linear movement of the cutting tool ortloé

i- Roundness and cylindricity errors of the housingworkpiece, to the above mentioned elements (itéyt

bore and of the spindle journals (bearing seats)
ii- Coaxiality errors of the housing bores and/or & th 5
spindle journals b.
iii- Parallelism errors of the bores and journals CLs
iv- Parallelism and squareness errors of the supporting
surfaces of the bearing rings
v- Variation of the thicknesmolling surface/assembling
surface of the bearing
vi- Rolling elements and race dimensions and shape vaiy
iation
vii- Lubrication method and in operation generated heat
and its exhaust mode
The bearing operational fit (endplay/preload, when
assembling or in operation)
The shape of the contact between the bearing rings
and the bearing seats (Fig. 10) [19, 5].

are added the following error types:

movement straightness error (in two planes);
parallelism deviation (in two planes) betwete
linear movement direction and the rotation axishef
tool/workpiece;

the presence of at least one of the rotatitor ef the

“straight” moving assembly (usually, the most unfa-

vorable rotation is yaw);

a special case is shown by the machine taalhiEh

the cutting tool could have, simultaneously, two
movements: one around its own axes and a straight
movement along its rotation axis (the case of e h
izontal boring and milling machines). The variation
of the boring spindle diameter (or of the ram dimen
sions), errors of coaxiality and parallelism of ®om
surfaces (boring spindle guiding bushings, toolebor
and external diameter of the spindle and/or ranti-can
lever variation, which is generating the sag/ defor
mation variation of the respective assembly anthef
tool rotation axis position to the machine coorténa
axes system), all of them are supplementary appear-
ance sources of additional, random machining errors
The machine tool manufacturers of a high reputation

! assert, any time they have the opportunity, thatniain

spindle assembly mounting (and the whole bearirsy sy
tem) is done in a “clean environment”, defined hg t
number of the solid particles under 0,5um dimersion
| a cube with 300mm sides.

Let us suppose that the allowed radial run-out of a
main spindle is 10um. the presence, at a moment, be
tween the (any) race and a rolling element of susblid

! particle modifies the radial run-out with 1pm, tigatvith
10%! If the real deviation is smaller, the erraréaniuced
by such particles into the bearing increases evare e
momentary deviation.
To the particles present in a bearing system becafus
Fig. 10.Contact between bearing rings and seats. - apoor cleaning of the bearing components,
- an improper assembling environment,
they are added those from the lubricant and theseltr
ing from the natural wear process. All those aneegat-
ing an increase of the operating deviations (radiat
out, wobbling, if the phenomenon in the two supipgrt

|

o« = Angle of alignment —
=2°23'94"

Meximurn splndle sxcuraion from
MU circka” in s pevalution

Repatitve radial
I bearings is not “timed”, that is the main spindiadve-
Nonsrepatitive ment” is not parallel with its own reference pasitj,
i ciony = uncontrolled, random, which, at their turn, are siag

“True cirole” defined by
< namingl spindis adis

dimensional, shape (roundness, cylindricity, flag)e
position (squareness of the surfaces perpenditwiltire
tool/workpiece rotation axis) deviations of the iaed
surface.

Tool fastening low stiffness, closed connectedtso i
bearing (supporting) surface (indifferent of thatface
shape) is generating (see Fig. 10):

- Random dimensional, shape and position deviations
of the machined surface(s);

Fig. 11.Machined surface roundness error.
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- Appearance of vibrations, generating micro (reugh tools, over those efforts (movable masses) theysare
ness) and macro geometric (undulations, wavinessperposed the cutting and dynamic forces. Theiriegpl

on the machined surface; tion point (cantilever), value and direction couldry
- Untimely tool wear, as an additional and randommuch. In order that the machine tool user to besfed
source of errors. with it, to get machined surfaces within specifladits,
the manufacturer must put at the user’s disposathg
5. STIFENESS OF THE STRUCTURE machine operating manual) loading diagrams (power
COMPONENTS AND OF THE JOINTS consumption, loading torques) depending on theivela

positions of the mobile assemblies in the workipgce

The special/specialized machine tools are perfogmin (e.g. headstock position on the column at the baté

practically, the same operation at the same wockpie horing and milling machines, the ram travel at $aene
type all their operating life. By a close coopesatbe-  machine type and at the vertical turning and boring

tween the machine tool manufacturer and its usey ve mills). For several years that thing is easier ddbye

good results could be obtained concerning: modeling the machine/components behavior (stage, d
- the yield capacity; namic and thermal, including overlapped fields,t tisa
- machining accuracy; static and dynamic behavior in transitory thernwahdi-

- repeatability of the machined surface parameters. ~ 110nS) by the Finite Element Analysis (FEA). _

In the case the universal machine tools, whichccoul | he joints represent a particular case in the nmechi
machine workpieces of a large variety of shapasedk tool design. From detailed, laborious sFud|es amk_a_rch
sions, materials, conditions (specifications) éie prob-  [8: 91, they were found a lot of factors influengia joint
lems are more complicated. The user would be istede Pehavior. Generally, it is compared with the “eqant
to use the machine tool in the same conditionsrepg ~ SOlid", that is with a solid body having the sanmase,
parameters), within the whole working space, angap ~ dimensions but without joint.

the same results (machining accuracy, repeatabilitiie One of the most important of those parameters-influ
parameters). In fact, that thing is impossible,aose of ~ €Ncing the joint (static, dynamic) behavior is (agathe

some natural laws, of which effect we could knowd,an Pressure constancy inside the joint. That constgocy

in certain extent, compensate. Once again, | want tvalueé with an as small as possible variation) ef phes-
specify: if the evolutions in time and space of soma-  Sureé could be obtained by a suitable joint desigmmt
chine parameters are linear, there are, alreadpensat- ~ P€T» Position, dimensions of the tightening compuse
ing methods, within certain limits. The machine ltoo tightening force), and also by technological measur
builder task is to ensure-in time and space-a fivada- (€ shape of the joined surfaces on two squarecdir
tion of the parameters. Of those which could be-con tiOnS, roughness and machining method, number &f th
trolled. But, it is compulsory to avoid sudden jungf pr_eloadmg before the final assemk_Jllng e'gc). Idedte
the parameters. A typical example is the ball scigim  10int should have a constant behavior, indiffergofi the
the same area it appears a small rolling diamedenv disturbing forge (module, direction, frequency) téally,
tion and of the pitch, it will appear a local vaiom of the ~ that thing isn't possible, for which reason the hiae
boll screw-nut stifiness, having, sometimes, imgort designer/manufacturer must take |_nto cons@eraﬁqn
influence on the machined surface accuracy (diroessi Most frequent/unfavorable loading — configurations,
shape, and/or position). Over those local erromsy th Providing a suitable joint(s) behavior.

could be overlapped the ball screw alignment ertors

the machine tool guideways. All those have as effec 6. THE MACHINE TOOL DYNAMICS

supplementary worsening of the machine tool behavio
and its machining accuracy.

Into a machine tool design there are both structore-

According to the second law of the mechanics:

ponents, and joints of different types. Each ofrtheas F=ma
its own stiffness-static and dynamic-which couldyas For a body with a constant mass, the higher the im-
a function of several parameters: _ _ posed acceleration, the bigger is the applied foyabat
Structure components design (wall thickness, rigpbin pogy. The phenomenon is identical both at accéterat
etc), contact pressure and its variation in joints; and at deceleration. The stiffness (rigidity) idined as
Appllca_tlon point, direction and space orientat@n  the ratio between the acting force on a body (syste
the disturbing force; o assembly) and the resulting deformation:
Natural frequency and vibration modes etc.
For providing a movement (kinematic) accuracy R=F /& [N/mm].
within a certain limits (straightness, parallelissguare-
ness), some machine structural components (e.gmes In the world of the mechanical structures it does n
of the horizontal boring and milling machines, caail exist bodies with an infinite stiffness, so thag¢ thigger
of the vertical turning and boring machines andthd  the force, the bigger the deformation, even thatia-
portal type milling machines etc)- as supportingnpo- ship is not always linear.
nents- are machined with errors opposite to therdef At the machine tools that fact has several conse-

mations appearing when the moving assembly isatispl quences:

ing. But those imposed conditions are satisfied whe a- For avoiding large deformations, of using largerine
checking the machine tool “idle running”, in thesahce tia (Gof ) moments motors the acceleration has to be
of external forces to that one. When using the nm&ch limited and it could be calculated and experiméwntal
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found so that the machine tool user to get satisfac

curacy of 1.52 pum, with a repeatability of maximum

ly results in operation (a particular case is the m half of the above mentioned value.

chining by contouring, when the machining path

This is a clear prove of what it would mean to keep

could have various angles, when machining circularconstant of, at least, one parameter.
surfaces etc). the numerical control equipment manuc- There are another ways to tackle the driving system

facturers are showing the ways to adjust the acxele
tion of the driving system, depending on the maghin
tool actual design (the moving mass, the drivimgdo
application point etc)-the feed factd;: (in the case
of SIEMENS CNC equipments).

For each machine tool there is a contouring spéed a

lowing getting a suitable accuracy. That speeddsed

connected with two parameters: mass and accelpratio

speed (jerk) [17]. Jerk ramps the accelerationntoath
the velocity (speed). Steps-sharp edges in commald
ues-tend to excite mechanical systems to oscéiatbeir
natural (resonant) frequencies. The bigger is tep, she
greater this tendency. If a system does not meepén-
formance that is expected of it, the control ok jcan
round the velocity corners. This reduces the anmis
of the frequencies that excite resonance oscitiatiés a
result, acceleration factors can be set higher.yMag,
heavy machine tools are inherently unstable, meganin
that they shake at very low frequencies.

From my own experience it results that by a clase ¢
operation between mechanical and electronic enggriee
is possible to optimize the positioning, contouramru-
racy by a suitable adjustment of the driving syst&ak-
ing into account the actual design of the machhod t

The wish, the desire of any machine tool manufactur
er is to improve the performances of his produats]
not in the last turn, from commercial point of viethis
is leading to finding of methods to increase theatyic
performances (acceleration included). So, one esrit
the second consequence.

b- From the same law of mechanics, to keep the same

acting force, the acceleration growth would be poss

ble by diminishing the mass. If some massif compo-

nents (e.g. saddles, cross rails etc) with traiesiat

movement would be achieved not from cast iron or

steel (with density of about 7 800 kg/tn but from
aluminum (with a density of about 2 700 kg/rit re-
sults that for the same volume the mass is aboeéth

times lowered. Consequently, for the same driving
system, the acceleration could be increased three

times [10]. But, it appears another problem: thg bi
difference between the dilatation coefficients oé t
cast iron/steel (of about 11um/AC) and of the alu-
minum (of about 24 um/mMC). To render compatible
the operation of such hybrid system it is necessary

-to machine the components afgg (1-2fC;
-to assembly the components in the same conditions;

-the machine tools to be used in the same condition
Without entering into details, the proper operatidn

such machine tool implies measures for ensuring con

stant internal thermal conditions, especially thamne of
those types of machine tools are used in car Ingjldh-
dustry. The machining centers of that type are ajpey
24 hours x 7days/week. They are intended for magin
the motor block, the gear box housing of well known
cars. The environment and the machine structusdf its
temperature constancy keeping allows to get a space

to avoid undesirable phenomenon, e.g.:

-the appearance of the “overturning” when driving a
body in a point differing to its gravity center;

-heavy masses (for instance a portal made up of two
massive columns, a cross beam and a cross rail).
The adopted, so far, solutions are:

The driving point to be as close as possible to the
gravity center (for example the moving column of a
planer type horizontal boring and milling machine),
but it means to place the driving mechanism on a
type of “wall’, parallel to the mobile assembly
movement direction (Fig. 12)[11];

e- The use of the “box-in-box” principle[11], the mibi

elements being conceived as a closed frames, with
driving on two sides (indifferently of the moving-d
rection), what means the driving in the gravityteen
(Fig. 13);

T
L
||

ipuinl
nmr i
H L_j

Drive near
centre of gravity

e Z-guideways

Fig. 12.Principle of driving point to be as close as pdssib

the gravity center.

L

Fig. 13.The use of the “box-in-box” principle.
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Fig. 14.Structure with crossrail sliding on a “high bedplac-
ing two colums.

Fig. 16. Compact assembly of driving, guiding and measuring
systems.

The machine tool architecture, structure alteration
depends on the designer/manufacturer knowledg#, ski
and courage and on the dialogue with the custonen(s
the latter one trust on the “builder’s” skill. Tharrent
“working instruments” used in engineering (Computer
Aided-Design, Engineering, Quality Control, testietg)
permit working out and virtual testing of severalus
tions, among which the most suitable to the progose
goal (output, accuracy, flexibility, price etc) d¢dube
chosen. The dialogue and the courage are needaltl at
involved levels in promoting the most performinduso
tions (including the hardware and software comptsen
suppliers).

The same importance has to be granted to the compo-
nents/assemblies in rotation movement. The symmetry
must be applied not only to the components witimealr
movement, but to those in rotation movement, taw. F
i- Replacement of the portal with two heavy columns, avoiding some phenomenon with non-linear evolutton

with a cross rail, only, using a “high bed”, mageaf is recommended the symmetrical design

Fig. 15.Tool clamping in an electro-spindle.

a (preloaded) concrete structure or a welded strect - from thermal point of view,
“stuffed” with (polymer or cement) concrete, for-im - from dynamic point of view.
proving the static (stiffness) and dynamic (dargjpin It means, at least from dynamical point of viewatth
performances (Fig. 14)[12]. rotating components must not have eccentric masses.
The above mentioned design solution ensure: Even when machining workpieces of which shapegstru
» high accelerations (over 1g); ture includes eccentric masses, they must be tedanc
high moving speeds/feeds (sometimes over 80m/min), statically and dynamically.
extremely useful for machining of light alloys coop Let us suppose the designer took all measures -avoid
nents (aero-space industries), but for molds/dies, ing the eccentric masses. Because of some matenial

ii- Tool clamping in an electro-spindle (direct driyss ~ homogeneity, of machining errors, the dynamic balan
tem), the feed system being achieved with a (simpli ing, in real (worse) operating conditions, is cotspuy.

fied) Steward platform @rchitecture parallel), en- For that reason, within the design of assembliesia-
suring (within certain limits) by three linear meve tion movement, they must be provided elements, camp
ments two additional rotation movements (Fig. 15)  nents which allow the dynamic balancing (by mass-ad
[14]. ing, moving or subtracting).

iii- Driving, guiding and measuring systems to be placed  Relative recent achievements are showing the pres-
as close as possible (Fig. 16) [13]. ence in the machine tool structure of some hard\are

It has been found that the driving in the gravigpier  celeration transducers, eccentric masses ) andveseft
of the mobile structure, or as close as possibl¢h&  (vibration analysis, eccentric masses displacemeort-
one, is avoiding (diminishing) deformations, vilioas,  trol) components, which allow the automatic balagci
wear and other undesirable phenomenon at the lineasf the eccentric mass fastened on the machine spén
displacements. dle (cutting tool or workpiece)(Fig. 17)[15].
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/ Baiancars
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Fig. 17.Automatic balancing of the eccentric mass on the ma
chine main spindle.

7. OTHER ELEMENTS

The machine tool is more and more a mechatronid?]

system. The developments in the field of sensoasist
ducers and of the data acquisition and handlingeeys
(software included) and programs for compensatibn o
some parameters (deviations, errors) of the madbiole
(deformations, temperatures, vibrations, loadspldce-
ments etc) allow “to feel” the machine tool moredan
more complex, to be more and more complex mordtore
All those are tending to the concept of “operatamgprs
compensation”. It will have as a result the growftthe
machining accuracy (errors diminishing) severalesm
even at machine tools achieved with normal (actual)
technologies and at the normal accuracy level. Aigl,

for those which are working in usual environmeiiedt-
controlled) conditions in metal cutting workshop'sn
concerned with this type of problems for severarge
and some early results are encouraging.

8. CONCLUSIONS

Any experience must be used:
that one leading to unfavorable results —to kmdav
ed, or, by solving the problems, to enrich the
knowledge treasury;
that one leading to positive results to be hodngz,
to be possible to use it in the future, too, totitur
ously enrich/develop it.
It is compulsory that the experience —of any na-
ture/result-to be transmitted: either for avoidmigtakes,
or to offer ways, means for success.

In any activity field the “technological disciplihe
must be observed (that is the positive experieackee
gained must be applied): the democracy must bepstbp

C. Gornic / Proceedings in Manufacturing Systenm, ¥, Iss. 1, 2014 /48

in the front of the company door (entrance): indioere
is nothing but “technological discipline”.

The continuous enrichment of the knowledge, at all
levels of the hierarchy structures, its checkingd appli-
cation are needed ways for a development of thieidhd
uals, of the company and at the social level.
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