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Rezumat.in lucrare se propune o modalitate de deducereAbstract. This paper proposes a way of analytical

analitici a deformdilor elastice, ce pot & apad pe
timpul procesului desgchiere, la strungurile normale, mai
ales pentru regimuri intense de prelucrare. Cytezaa
acestor deformé pentru diferite fore de achiere este
deosebit de util mai ales 1nh cazul instali si utilizarii
comenzii adaptive.

Pentru evidetierea deformgei elastice in aceast
lucrare s-a utilizat metoda elementului finit. Dedtea
ulterior si a unei legi analitice pentru aceasteformaie
este posibd daa se utilizeaz metoda de regresie
polinomiak. Legea analitit astfel ohinuta, ca funde de
lungime, poate fi utilizét ca nirime de referifd pentru
comanda adaptiiv

Cuvinte cheie:adaptiv, batiu, element finit, element
portant, rigiditate

1. Introducere

O preocupare aproape permateint vederea
cresterii preciziei de prelucrare a gmalor-unelte o
constituie si studiul posibilelor deforma elastice

deduction of the elastic strains that can occurndur
the splintering process at normal lathes, mostly fo
intense processing duties. The knowledge of thieais
for various splintering forces is particularly uslef
mainly in case of the adaptive control setting um a
usage.

The elastic strain has been highlighted in thisepap
by using the method of the finite element. The
subsequent deduction of an analytical law for #tisin,
as well, is possible by using the polynomial regies
method. The analytical law thus obtained, as fumctf
the length, can be used as reference quantity Her t
adaptive control.

Key words: adaptive, frame, finite element, carrying
element, rigid ity

1. Introduction

An almost permanent concern with a view to
increase the processing accuracy of the machine
tools is also connected with the study of the

ale elementelor portante, elemente pe care gmossible elastic strains of the carrying elements,
monteaz, fix sau cu posibiltate de deplasare,elements on which there are mounted, either firmly,

ansamblurile si componentele ce constituie
respectiva mgna-unealli. De la primele investiga

privind rigiditatea elementelor de structur
metodele si modelele de calcul utilizate 1n
cercetarea structurilor au evoluat continuu [1pUS-
dezvoltat mai multe tehnic§i metode dedicate
acestui scop, problematica Tn sine fiind complex
Tehnica actual de calcul permite analiza
elementelor de structur inca din stadiul de
proiectare, datotit programelor interf@te cu

algoritmi de analz numeri@ ce permit analiza
comportrii statice si dinamice a acestora. Tetu

pentru a studia deforride elastice ale elementelor

or with displacement possibilities, the assemblies
and components that make up the respective
machine-tool. Since the first investigations
concerning the rigidity of the structure elemettis,
computation methods and models employed in the
structures research have continuously developed
[1]. There have been developed several techniques
and methods dedicated to this aim, the problems
proper being rather complex. The present day
computation technique enables the analysis of the
structure elements ever since the design stage, due
to the software interfaced with digital analysis
algorithms which allow the analysis of their static

cu suprafee neregulate (cum sunt cele realizate deand dynamical behavior. However, in order to study
obicei prin turnare) trebuigigrecem de la structura the elastic strains of the elements with irregular
reaf la un model simplificat pentru calcul. Printre surfaces (as those usually obtained by casting), we
metodele cel mai des folosite pentru studieredave to pass from the real structure to a simglifie
deformaiilor elementelor portante in domeniul model for computation reasons. Among the most
elastic, metoda elementelor finite are cea mailargoften used models for the study of the straindef t
raspandire [NASTRAN, SAP, COSMQGXa.]. carrying elements within the elastic field, the
method of the finite elements is the most widely
used one [NASTRAN, SAP, COSMOS, a.o.].
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2. Deformatiile elastice posibile ale
elementelor portante ale mainilor-unelte
2.1. Aspecte generale asupra deformidor
elastice ale elementelor portante ale maeilor-
unelte
Precizia unui produs este cerute rolul
functional al acestuia, rol care impuge limitele

2. The possible elastic strains of the carrying
elements of the machine-tools
2.1. General aspects concerning the elastic
strains of the carrying ele ments of the
machine -tools
The accuracy of a product is necessary on
account of its functional role, a role which also

admisibile de tolerah in care caltatea produsului requires the admissible tolerance limits within
trebuie 4 se incadreze. In general, precizia sewhich the quality of that product ranges. Generally

defineste ca fiind:
a) proprietatea unui produs de a avearimile

caracteristice cuprinse ntr-un interval cat mai

mic in jurul valorii dorite (cerute, proiectate);

b) eroarea maximadmisibif, in plus sau in minus,
la efectuarea unei #suiatori sau la realizarea
unui produs.

Conform acestor dau definitii, evaluarea

calitatii unui produs (piese) nu se realizégz n

exploatare, ci numai la realizargida masurarea sa.

accuracy is defined as follows:

a) the property of a product of having the charac-
teristic sizes ranging within the smallest interval
around the wanted (required, designed) value;

b) the maximum admissible error, with plus or
minus values, at the carrying out of a
measurement or when obtaining a product.

According to these two definitions, the assess-
ment of the quality of a product (e.g. parts) i$ no
obtained during the product operation, as well, but

Precizia de fabricare a unei piese cu ajutorubnly at its manufacture and measuring. The manufac-

masinilor-unelte relew gradul de corespondgna
condiiilor tehnice reale de generare a supeide
piesei prelucrate, cu valorile teoretice ale aesior
condiii (dimensionale, de fori de calitate a
suprafeei, de pozie relat\a a suprafeslor
componente) prescrise in desenul de eecu
intr-un cadru general, precizia de prelucralg) (
este o funge compus§, de variabile independenpg

turing accuracy of a part obtained by means of the
machine-tools shows the degree of correspondence
of the real technical conditions for the generatbn

the processed part surfaces with the theoretical
values of the same conditions (dimensions, form,
surface quality, the components surfaces relative
position) prescribed by the execution drawing.
Within a general frame, the processing accurggly (

denumite abateri, care la randul lor depind das a function made up of independent varialges

erorile de prelucraney, %, ..., X,, adic:

Pp =P(P1, P2, sPkse-sPn) »

unde

Pk = P(X, %o,
Cele mai reprezentative erori (sistematice) care

called deviations, which in their turn depend oa th
processing errors;, X, ..., %,, L.e.:

(1)
)

The most representative (systematic) errors that

influenteaz precizia de prelucrare se pot estima sulinfluence the manufacturing accuracy can be

forma unei sume de erori pale, definindu-se

estimated under the form of a sum of partial etrors

astfel bilanul erorilor totale a piesei prelucrate cathus there being defined the balance of the total

fiind (Ep):

Ep =EsctEst +Ea +Emu + Eh +Epct Em +Ewmd

unde:
Es. - erorile sculei gchietoare;
Es: - erorile semifabricatului;
E, - erorile pozieirelative scudl - semifabricat;
Ewu - erorile mainii-unelte;
E:, - erorile tehnologice;
Eyc - erorile de programarg comand;
Ew - erorile de msurare;
Emq - erorile datord mediului ambiant (vibrgi,
temperatui).

Ponderea figirei erori in precizia de prelucrare
nu poate fi determinatcu exactitate, acestea find processing accuracy

errors of the processed part, &s){
(3)
where Eg. - the errors of the splintering tool;
Esf - the errors of the semi-finished part;
E, - the errors of the tool — semi-finished part
relative position;
Ewu - the errors of the machine-tool;
E:n - the technological errors;
E,. - the programming and control errors;
Ew - the measuring errors;
Ewa - the errors due to the environment
(vibrations, temperature).
The weight of each error, as far as the
is concerned, cannot be
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provocate cu prealere de mecanismele giaii- precisely determined, these errors being mainly due
uneltesi apoi de détre condiiile specifice proceselor to the mechanisms of the machine-tool, and then by
de generare a supréddor, figura 1. Dintre toate the specific conditions of the processes for the
componentele erorii piesei prelucrate, erorilesurfaces generation, figure 1. As concerns all the
geometricesi cinematice ale mgnii-unelte nu pot fi  components of the errors of the processed part, the
atenuate oricatsi oricand (de obicei numai la geometrical and kinematic errors of the machine-
recondiionare), in timp ce celelalte erori pot fi tool cannot be suppressed as much as one likes and
reduse pgial sau chiar total [2]. at any time (usually at restoring), while the other
errors can be either partially or totally reduc2f [

Figura 1. Factorii ce influgraz precizia de prelucrare
Figure 1. The factors which influence the procegsincuracy

2.2. Componentele preciziei tehnologice ale 2.2. The components of the technologic
masinii-une Ite accuracy of the machine-tool
In precizia de prelucrare a pieselor, sina- As concerns the parts processing accuracy, the

uneali se regseste cel mai adesea prin precizia machine-tool counts, most of the times, through the
tehnologié. Pentru aprecierea acesteia este neces#chnological accuracy. In order to estimate #réh

sS4 se cunoasc comportarea mdiirunelte din  is required to know the behaviour of the machine-
punct de vedere geometric, cinematic, statictool from the geomefrical, kinematic, static, dyrizah
dinamic si termic. Sistemul tehnologic (ST) al and thermal points of view. The technological syste
maginilor-unelte are o structarelastia (SE) sub (TS) of the machine-tools has an elastic structure
actiunea fotelor generate de procesele de lucru.(ES) under the action of the forces generated by th
Deformgia elasti@ a ST provoax abateri de la operating processes. The elastic strain of the TS
poztia recipro@ a pieseisi sculei avand ca efect causes deviations from the reciprocal positionhef t
posibilitatea apatiei unor erori de prelucrare. Acest part and the tool, the effect being the occurerice o
fapt a condus la definirea elementului de calculsome processing errors. This fact has led to the
numit rigiditate a sistemului tehnologi¢Rsy) si defining of the computation element called the
definita ca fiind capacitatea sistemului tehnologic rigidity of the technological system(Rrs) and

de a se opune defortiilor elastice sub awinea defined as the capacity of the technological system
fortelor din procesul de lucru. withstand the elastic strains under the actionhef t
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forces that exist during the operating process.

Pentru studiile intreprinse in acest scop se For the studies carried out for this purpose, it
consided ca sistemul dinamic al ngnii-unelte este  has been considered that the dynamical system of
un sistem inchis, format din sistemul elasticsim the machine-tool is a closed system made up from
uneali — dispozitiv — pied — scuh (MUSDP)si  the elastic system machine-tool — device — part —
procesele de lucru in interamea lor. Rigiditatea tool (MTDPT) and the operating processes in their
totah a sistemului MUSDP se compune din interaction. The total rigidity of the MTDPT system
rigiditatile  maginiFunelte, dispozitivelor de is made up of the rigidities of the machine-todl, o
prindere, a sculeg§i a piesei de prelucrat, adia the fixing devices, of the tool, and of the pa#ittiis
tuturor elementelor MUSDP. Aceasta este va#abil being processed, i.e. of all the MTDPT elements.
atat pe perioada Mg masinilor-unelte, catsi pe  This rigidity is variable, both during the machine-
timpul prelucérii chiar al unei singure piese. tools operating life, and during the operation, reve
Compunerea elementelor de strugtyortante in  of one part. The composition of the structure
functie de mobilitatea acestora poate inflteen carrying elements, as function of their mobilitanc
rigiditatea statid a MUSDPsi implicit precizia de influence the static rigidity of MTDPT, and
prelucrare [3]. implicitly the processing accuracy [3].

In evaluarea potgei deformate a unei structuri When assessing the strained position of a
se are n vedere aspectul static, geomsairfizic. structure, there is taken into account the stalie,
Structura unei m@ni-unelte fiind realizat din  geometrical and the physical aspects. The structure
materiale cu comportare elagtic magina se  of a machine-tool being made up of materials with
constituie intr-un sistem conservativ, la careelastic behavior, the machine consists in a

deformdiile sunt elastice. conservative system where the strains are elastic.
2.3. Elemente portante de tip batiu — mode lgi 2.3. Carrying elements of frame type —
metode de calcul computation models and methods

Tn bilartul general al elementelor care contribuie As concerns the general balance of the
la oktinerea unei precizii mari, la prelucrarea peelements that contribute to the obtaining of a high
orice maind-uneali o pondere insemriaito are accuracy at the processing on any machine-tool, a
structura portait a mainii (batiul) deoarece significant weight is that of the machine (frame)
influenteaz in mod direct precizia preluinii. carrying structure, because it directly influentiess
Stabilirea deformgei, care se aime in timp real cu processing accuracy. The establishing of the strain
intertia de a putea fi contraca#iafi chiar anticipai, = which is obtained in real time with a view to
constituie un alt pas importantitce ceea ce 1h counteract it, and even to anticipate i, is anothe
continuare vor figi se vor numi structuri active, important step towards what will be and what will
dintre care unele deja futicneaz pe mainile- be called below active structures, some of which
unelte moderne cu comenzi adaptive. Ca urmareglready function on modern machine-tools with
condiia principad pe care trebuie aso asigure adaptive controls. Consequently, the main condition
batiul in timpul de viga al mginii este aceea de a that has to be fulfiled by the frame during the
mertine cat mai exact paz@ recipro@ a machine operating life is that of the most possible
ansamblurilorsi a pieselor (adi¢ invariabilitatea reciprocal position maintaining of the assemblies
poztiilor relative ale suprafelor de baZ), oricare  and of the parts (i.e. the invariability of theatale
ar firegimul de lucru permis pe aceasta. positions of the basic surfaces), whatever the

operating regime allowed by it.

In general, batiul este supus unor eforturi Generally, the frame undergoes combined
combinate si deformirile pot avea un caracter efforts and the strains may have a complex characte
complex — incovoiere, torsiune, alungire. Tens@inil — bending, torsion, elongation. The tensions aed th
si deformgiile care se produc in batiul wiaii- strains that are produced in the frame of the dipgra
unelte in fundune se pot evidegim cu un anume machine-tool can be highlighted with a certain
grad de aproximare pentru fiecare caz in parté daaegree of approximation for each case separately if
se cunoste sistemul de foe care agioneaz asupra there is known the system of forces that act over t
masinii Tn timpul procesului de ghiere. Forma machine during the splintering process. The con-
constructid dictat de aceste neceditfunctionale  structive form required by these operating nedessit
conduce la o structiirde rezisteta in general leads to a generaly complex resistance structure
complex, alcituita din pkci de grosime varialiil made up of plates of variable thickness arranged in
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dispuse in plane diferite, cu goluri, cu nervuri dedifferent planes, with gaps, with reinforcing ribs,
rigidizare, cu Tmbiari, realizate prin suddr sau  with joints obtained by welding or casting under a
turnare sub o fort contind si al caror calcul continuous form, and whose precise analytical
analitic exact este imposibil de realizat. computation is impossible to be carried out.

Batiul supori readiunile datorit fortelor de The frame withstands the reactions due to the
aschiere, greuditi subansamblelor, feelor de  splintering forces, the weight of the subassemblies
strangere etc., motiv pentru care se impune ca acethe clamping forces etc., the reason why this azgry
element portantatransmii in zona de gchiere  element is required to transmit minimum strains in
deformgii minime. De aceea forma batiurilor este the splintering zone. That is why the form of the
determinad de poziia in spaiu si de lungimea frames is determined by the position in space and b
axelor de deplasare arsilor, meselor, traverselor, the length of the slides, tables, rails displacemen
darsi de necesitatea de a asigura o rigiditate cat maixes, but also by the need to ensure an as high
mare. De asemenea, trebuie existe posibilitatea rigidity. There shall also is the possibility toapk
amplagrii unor mecanisme de comand si some control and action mechanisms that allow the
adionare, avand accesibilitate la montaj, ititrere  access to mounting, maintenance and cleaning. The
si curatare. Conceptul de element de strugtur concept of the structure element (frame, cross rail
(batiu, travers, sanie, masa rgmii, carcad etc.) slide, machine table, case efc.) used in the ditttie
folosit in domeniul mginilor-unelte coincide cu cel machine-tools coincides with that of the structure
de structui utilizat in majoritatea calculelor de used in most of resistance computations. The notion
rezistema. Notiunea de structédrimplica acceptarea of structure implies the acceptance of the hypathes
ipotezei setunii plane (Bernoulli) pentru barg a  of the plane cross section (Bernoulli) for beanmsl a
ipotezei normalei rectilinii (Kirchhoff) pentru i of the hypothesis of the rectiinear normal line
si Tnvelisuri, aceasta atand posibd Tinlocuirea (Kirchhoff) for shells and casings, this enablirig t
fortelor exterioare reale prin valori concentratereplacement of the real external forces with
echivalente. Metodele numerice sunt des intalnite Tequivalent concentrated values. The digital methods
calculul structurilor, beneficiindsi de aportul are often met with in the structures computatibayt
multitudinii aplicaiilor in continli dezvoltaresi  also benefiting by the contribution of a multitude
diversificare a programelor de aplii§3, 4, 5]. applications that are continuously developing and

diversifying their application software [3, 4, 5].

3. Metoda elementelor finite 3. The method of finite element

Este una din cele mai utilizate metode de It is one of the most often used methods for
rezolvare a unor probleme ingingtiecomplexe in  solving certain complex engineering problems in the
mecanica solidelor deformabile (domeniul liniar saumechanics of strainable solids (the linear or non-
neliniar), in mecanica fluidelor, in campurile linear field), in the fluids mechanics, in the timeay,
termice, magnetice, electrice, tehnica biomedical magnetic, electric fields, in the biomedical te cjus
etc. Metoda considérstructura ca un tot unitar ce etc. This method considers the structure as a whole
se analizeaz prin intermediul unor frti mici, unit that is analysed by means of small, discraetsp
discrete, numite elemente finite. Prin discretizaae called finite elements. By discreeting, there will
rezulta un model intuitiv, cu un num finit de result an intuitive model with a finite number of
necunoscute, deoarece se scriu necunoscutele numaiknown quantities, because the unknown quantities
in noduri. Pe de diltparte cAmpul necunoscutelor se are written only in nodes. On the other hand, thid f
precizeai cu ajutorul unor fungi de aproximare of the unknown quantities is specified by means of
(interpolare) care au un rol fundamental In cadrukcertain approximation (switching in) functions wiic
metodei. Astfel comportarea unei structuri estehave a fundamental role within the method. Thus, th
descrig de un sistem de edtisscris matriceal [4]. behaviour of a structure is described by a systtm o

equations written written as a matrix [4].

3.1. Modelarea batiului — elemente tip plaitsitip ~ 3.1. The frame modelling — elements of shell type
bara 3D and of beam type - 3D
In vederea analizei rigiditi unui strung With a view to analyse the rigidity of the normal
normal, aflat ing in fabricaie (SN403-ARIS-Arad), lathe that is still in its manufacturing stage (984
s-a optat pentru programul SAP-2000, care prézintARIS-Arad), there has been chosen SAP-2000
posibilitati suficiente de analiz prin intermediul  software which has sufficient possibilities of asséd
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elementelor de tip bari placa. by means of beam type and shell type elements.

Din structura redla strungului s-a extras partea Out of the real structure of a lathe, there has
de batiu exterh pari in veciritatea zonelor care been taken the external part of the frame up to the
reprezini — prin alctuirea lor — o rigiditate foarte proximity of the zones which represent — through
mare, figura 2. their making — a very high rigidity, figure 2.

Figura 2. Segune longitudinal printr-un batiu orizontal
Figure 2. Cross section through a horizontal frame

Sediunea red a batiului find suficient de The rea cross section of a frame being rat
complexi (este realizdt prin turnare), ga cum este  complex (it is obtained by casting), as presented i
aratati in figura 3, s-a realizat goai simplificare, figure 3, there has been made a slight simplifasgti
figura 4, paa la limita posibii de a fi evalugitde  figure 4, up to the limit that can be assessedhby t
catre programul utilizat. Acest fapt a permis ulterio software employed. This fact has subsequently
ca extremitile modelului de calcul & fie  allowed that the extremities of the computation
considerate ca find incastrate, a@dinodurile in  model be considered as embedded, i.e. the points of
sediunile de capt sunt blocate la deplas si rotiri. junction in the end cross sections are blocked at

displacements and rotations.

Fetele laterale ale batiului au grosimi constante ~ The frame side faces have constant thicknesses
de aproximativ 10 mmsi prezin& goluri cu o of about 10 mm and have gaps with certain
anumit regularitate. Fa laterad din spate este regularity. The back side face is vertical, andttha
verticali, iar cea wzuti direct din faa este inclinat. ~ which is seen directly from the front is sloped.eTh
Cele dod fete laterale ale batiului sunt legate prin two side faces of the frame are connected through
diafragme inclinate, cuplate la partea supefiidgat  sloped diaphragms coupled at their upper part also
cu o diafragra prevdzutd cu goluri. Faa superioaf,  with a diaphragm with gaps. The upper face, the
respectiv diafragmele inclinate, au in medie grosimsloped diaphragms, respectively, have average
de 10 mm, dar grosimile lor sedamesc in dreptul thicknesses of 10 mm, but their thicknesses grow at
muchiilor de racordare astfel incat la margini, the joining edges, so that at the rims there haenb
pentru modelare s-au prEaut elemente finite cu provided finite elements with bigger thicknesses fo
grosimi mai mari. modelling purposes.

Pentru a modela cat mai fidel posibil ghidajele In order to carry out the modelling as accurate as
(sania), acestea au fost considerate ca avambssible, these rails (slide) have been considered
sediunile echivalate cu cate o suprgfadreptun- have their cross sections equivalent to a rectangul
ghiulaid ale cror momente de inge sunt egale surface whose moments of inertia are equal
(echivalente) cu momentele de itierale celor doii  (equivalent) to the moments of inertia of the tvad r
corpuri desine. Centrele de greutate ale acestotbodies. The weight centres of these rectangles will
dreptunghiuri vor preciza paia axelor elementului  specify the position of the axes of the beam type
finit de tip bad. Nodurile in lungul acestor elemente finite element. The nodes along these elements will
vor fi constranse &aid aceleai depladri si rotatii be forced to have the same displacements and
casi nodurile vecine apainatoare batiului de care rotations as the neighbouring nodes belonging ¢o th
sunt fixate, la acest tip de strung prin sdduar in ~ frame on which they are fixed, at this type of dgth
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alte cazuri prinse cguruburi.

Programul SAP-2000 este investi

Ccu

by welding, or in other cases, screwed up.
The software SAP-2000 may take into account

posibilitatea de gine seama de efectul masei proprii the effect of the analysed structures own weight [5

a structurilor analizate [5]. Calculul pentru stiwre
analizai se conduce in domeniul elastic.
Materialele din care este constiuitceast structua
au caracteristicile:

a) fonta: G = 7,25-£kg/n?, E = 16 N/n?*, p = 0,3;

b) atelul: G = 8,002-1bkg/n?, p = 7,25-10 kg/ nt,
E =10 N/n?, u=0,3.

The computation for the analysed structure is
carried out in the elastic field. The materials of
which this structure is made up have the following
characteristics:
a) cast iron: G = 7.25-ikg/in?, E = 16 N/n?,
p=0.3;
b) steel: G = 8.002-2kg/nT, p = 7.25-1C kg/n?,
E =10 N/n’, p=0.3.

Figura 3. Segune transversalprin batiu
Figure 3. Cross section through frame

Lungimea elementului finit tip beam a fost
dictai in special de asigurarea contifiit
materialului intre batigi sanie. S-au ainut astfel
pentru potiunea de batiu analiza66 elemente tip

The length of the beam type finite element has
been required mainly to ensure the continuity ef th
material between the frame and the slide. Thusethe
have been obtained for the analysed part of the
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bar si 1618 elemente de tip placcare la randul lor frame, 66 beam type elements and 1618 shell type
au generat 9744 ectiidezolvabile prin programul elements, which in their turn have generated 9744
SAP, atingandu-se capacitatea maxii0000) a equations to be solved by means of the softwaee, th
acestei variante de program. maximum capacity of this software option.

Figura 4. Segunea transversah batiului, simplificat pentru modelare
Figure 4. The frame cross section simplified fordething purposes

Studiul s-a icut in scopul determiimii modului This study has been carried out with a view to
de varigie al deformaiei elastice pe care o poate determine the way of the arrow variation (deviaXion
induce fora de achiere prin intermediul that can be induced by the splintering force by
semifabricatului pe batiu, pe timpul procesului demeans of the semifinished product on the frame
prelucrare, cunoscut fiindiaigiditatea ansamblului  during the processing operation, there being known
variaz pe acea8tlungime. O anumit sageahi este  the fact that the rigidity of the assembly varigs o
introdusi si in semifabricay (f,), de aceegforti de  this length. A certain arrow is also introducedint
aschiere, incepand de la o anuinivaloare a the semi-finished produgt(f,), it being of the same
acesteia. Aceste deformiia(sageti), corelate cu splintering force, starting from a certain value.
parametrii procesului desahiere, este necesar a fi These deviations (arrows), correlated with the
cunoscute pe taatlungimea semifabricatului de parameters of the splintering process, have to be
prelucrat. Pentru a u@n marimea acestor known on the whole length of the semifinished
deformgii cumulate asupra dimensiunilor piesei, pe product to be processed. In order to follow up the
toati lungimea de prelucrare, s-a aplicat ageea size of these deviations cumulated over the part
forta de achiere, in 10 seqmni diferite asupra dimensions on the whole processing length, there
piesei. Apoi s-au evaluat efectele acesteia asupitaas been applied the same splintering force in 10
batiului, cu ajutorul elementului finit, pentru tiare  different sections on the part. Then, there havenbe
poztie a sedunii orizontale ale semifabricatului. assessed its effects over the frame by means of the
Desi s-a lucrat in ipotezele enate anterior, s-a finite element for each position of the horizontal
procedat si invers; adi@ s-a impus o0 acegia cross section of the semifinished product. Althoug
deformgie, constarit pe toadi Ilungimea the work was carried out according to the above
semifabricatului, calculandu-seanmea fotei care mentioned hypotheses, the reverse procedure has
ar produce acest efect. Rezultatelgimmie se dau also been employed, i.e. there has been imposed the
in tabelul 1, alturi de nirimea fotei evaluad pe  same constant deviation on the whole length of the
cale analitia. semi-finished product, and thus the size of thedor
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Tabelul 1. Rezultate calcule
Table 1. Calculations results

that would produce this effect has been calculated.
The results that have been obtained are given in
table 1, besides the size of the force assesséton
analytical way.

X F X F
[cm] MEF ANALITIC [cm] MEF ANALITIC
0 212.012 202.386 41.253 122.203 113.934
8.44 158.845 172.203 50.003 132.403 125.178
16.252 143.447 147.902 58.440 146.924 151.047
25.003 127.037 127.007 66.253 169.031 190.065
33.440 120.661 115.365 75.003 265.656 253.130

Evaluarea analitic s-a efectuat pentru acega
10 sediuni transversale, distgate la circa 80 mm,
situate intre dau noduri (de element finit) ale

The analytical assessment has been carried out
for the same 10 cross sections with distances
between them of about 80 mm, situated between

mode lului @&ii de ghidare (saniei), pe care succesivtwo nodes (of finite element) of the rail (slide)

s-a aplicat faga si s-a evaluat deforma orizontad,
asa cum este atat in acelgi tabel. Pentru fiecare caz
in parte, exemplificat numai in figurile 5, &i78, s-a
aratat si poztionarea fotei corespunoare aplicat
locului respectiv.

Acest tip de varige a fotei se pretedz unei
exprimari  analitice  prin  metoda regresiei
polinomiale. Pentru puncteleX( F) s-a olinut
ecudia de gradul 3 avand coeficiginrezultati n

urma prelucirii acestor date printr-un program
adecvat.

F =2023864~-3.7357 X + 0.0138319%° + 0.0005999207%°

model on which the force has been successively
applied, and there has been assessed the horizontal
deviation, as presented in the same table. For each
case separately, exemplified only in figures 57,6,
and 8, there has also been shown the positioneof th
corresponding force applied to the respective place

This type of force variation is suited to an
analytical expression through the polynomial
regression method. FoiX{ F) points there have
been obtained the cubic equation whose
coefficients have resulted following the processing
of these data through an adequate program.

(4)

Figura 5. Evidetierea moduluide aplicare a feii pe batiu
Figure 5.The highlighting of the way of the force applying the frame
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Figura 6. Fota aplicad pe batiu pe primul punct
Figure 6. The force applied on the frame on th&tfiroint

Figura 7. Fofa aplicad pe batiu in al doilea punct
Figure 7. The force applied on the frame on theosedgoint

Figura 8. Fofa aplicad pe batiu in al 10-lea punct
Figure 8. The force applied on the frame on thé J0tint

Pentru cazul in care s-a impus, la cotele For the case when the requirements are at the
indicate in tabelul 1, méinerea acelega marimia  dimensions indicated in table 1, of maintaining the
deformaiei f,, se olin valorile fortei pentru care same quantity of, deviation, the values of the force
aceasta a fost analitic evaluabDatele rezultate sunt for which it has been analytically assessed can be
trecute in tabelul 2. obtained. The data obtained in this case are given

table 2.

Tabelul 2. Valorile fofei (pentrufy = 0,001 mm)
Table 2. The values of the force (fiyr= 0.001 mm)

X [mm] 0 8.4 16.2 25 334 41.2 50 58 66.2 25
F [N] 2120 1590 1440 1270 1210 1220 1320 1470 1690 2650
Experimentele au aat ing ca practic fora But, experiments have shown that, practically,
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prezink variaii neuniforme ase#mator unor the force has non-uniform variations similar to
zgomote, dar in limite acceptabile, motiv pentrusome noises but within acceptable limits, a reason
care in calcule se pot utiliza valori mediate. why mediated values can be used in computations.

3.2. Regresia polinomial 3.2. The polynomial regression
Dac se considerun polinom de gradur: If a polynomial ofn degree is taken into account:

Vi = an X"+ g O+ bag Tk g, (5)

atunci pentrik = x;, valoarea expresiei din dreapta then, forx = x;, the value of the expression on the
devine: right becomes:

¥i = an O+ ey 43y O + g, (6)
Se minimizeaz suma ptratelor abaterilor The sum of the squares pfvalues deviations
valorilor luiy, utilizadnd relaia: will be minimized by using the relation given by:

> (yi-%) )
i=1

care devine: which becomes:

n _ 2
S=_Zlyi—aann—an_15q”1—...—315q—a0 . (8)
1=

Derivand suma in raport cu coeficigra,, a;, If the sum is derived by taking into accoagt
a,, ..., an si efectuand fiecare dernvapatiala egal  ay, a,, ..., &, coefficients, and each partial derivative
Cu zero, se glme un sistem den;+1” ecuaii liniare  equal to zero is effectuated, there is obtained a
cu ,n+," necunoscute, acestea fiag a, a,, ..., a, system of p+1’ linear equations with n+1”
(se ohin ecuaiile normale ale regresiei polinomiale unknown quantities, they being,, a;, &, ..., a
de graduh). Prin rezolvare (procedura de eliminare (there are obtained the normal equations of the
gaussiaf) se oltin coeficienii polinomului ciutat. polynomial regression of degree). Through solving
(the procedure of Gaussian elimination), there are
obtained the coefficients of the required polyndmia

In cazul unui polinom de gradul 3 de forma: For a third degree polynomial of the form:
y=ag S +a, K +a) [k+ay, ©)
sistemul care se gbe utilizand procedeul de mai the system that can be obtained by using the
sus este: procedure mentioned above is as follows:
g + (5 %)y + (5 32) 2 + (256 s = X
(5020 + (5522 + (5 2 + (5 e = 30 10)

¢ g+ (X5 oy + (X X 2o + (X 60 Jrag = X0 T

3 4 5 6 _v.,3
x| +\20 % g + Q% g + % g =20 57
undem este nurirul de puncte (in cazul nostru 4). whenas the number of points (in our case it is 4).

4. Concluzii 4. Conclusion:

Deformgiile elementelor portante se stabilesc The strains of the carrying elements are
la aaiunea forei de gchiere, greditii proprii, a  established following the action of the splintering
greutitii semifabricatului, a fgelor de strangergi  force, of the own weight, of the weight of the semi
uneori a forelor de antrenare, determinand in acestinished product, of the clamping forces, and
fel rigiditatile la incovoiere,#suciresi forfecaresi  sometimes of the driving forces, thus there being
se apreciaz prin prisma influetei lor asupra determined the bending, twisting, shearing
preciziei de prelucrare. Aceasta se caracterizeazigidities, and they are appreciated through their

prin deplasarea relafiv dintre #isul sculei si influence over the processing accuracy. This is
semifabricat prodds pe normala la supraga de characterized through the relative displacement
aschiere. between the tool edge and the semi-finished product
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that occurs on the normal to the splintering swefac

Rigiditatea mainilor-unelte nu poate fi The rigidity of the machine-tools cannot be
caracterizat cu o singui valoare, deoarece characterized with a single value, because the
prelucrarea poate fi efectdain diferite puncte ale processing can be carried out in various points of
spaiului de lucru al mainii-unelte si cu diferite  the operating space of the machine-tool and with
directii de aciune a fotei de gachiere, pentru various action directions of the splintering force,
aceasta fiind nevoie de un vector multidimensionalthis requiring a multidimensional vector. The
Metodele analitice pentru calculul deforinar analytical methods for the calculation of the adast
elastice sunt aplicabile numai pentru metodelestrains can be applied only to the structures gmpl
simple de structuri. Schemele de airgare trebuie methods. The loading diagrams shall take into
sd considere opera tipica de prelucrare pe ima-  account the typical operation procedure on the
unealli, subansamblurile acesteia aflandu-se immachine-tool, its subassemblies being in the most
situgia cea mai defavorabil unfavourable situation.

Metoda elementelor finite este cea mai The finite elements method is the most
adecvat scopului propus, de cercetare aadequate for the proposed aim, i.e. the research of
deformaiilor elastice ale elementelor portante inthe elastic strains of the carrying elements with a
vederea optimizrii structurii acestora ddp mai  view to optimize their structure according to sever
multe criterii. Programele de element finit pot criteria. The finite element software can determine
determina atat tensiunile principalg directiile both the main tensions and the directions of the
axelor principale, c&i marimile globale la nivelul main axes, as well as the global quantities at the
fiecarui element. Pe baza acestor valori, cu ajutorulevel of each element. Based on these values, the
programelor de postprocesare graficse pot tension fields at the level of the whole structces
reprezenta accesibilsi evident campurile de be represented, obviously and in an accessible way,
tensiune la nivelul intregii structuri. Modelul MEF by means of the graphical post processing software.
aproximea geometricsi fizic structura redlside  MEF model approximates the real structure from
aceea alegerea unui nimoptim de elemente ne the geometrical and physical points of view, tigat i
poate feri fie de o slabaproximare, fie de erori why the choice of an optimum number of elements
considerabile. can protect us either from a weak approximation, or

from serious errors.
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