CALCULUL RIGIDIT ATII PENTRU THE COMPUTATION OF
PIESELE IN TREPTE, SUPUSE RIGIDITY FOR THE STEP PARTS,
ASCHIERII PE STRUNG CUT ON LATHE

Constantin COSOVAN

“Politehnica” University of Timjoara, Romania

Rezumat. In strategia clasicde conducere dimensiotial Abstract. In the classical strategy of the dimensional
a proceselor de prelucrare accentul deosebit se pan directing of the machining processes the particsiegss
prelucitor (programator), pe cand conducerea adaptiv is laid upon the machining agent (programmer), evttie
se bazedrz pe interpretarea informilor culese din  adaptive management is based on the interpretafitdre
processi prelucrate prin programe adecvate. information collected from the process and machined
Pentru comanda adapiiv cunoaterea posibilelor through the program.
deformaii pe care semifabricatul le poate prezenta (cu For the adaptive control, the knowledge of the
precidere in cazul regimurilor intense de prelucraré® es possible strains which the semi-finished produgt slaow
esemiali. n lucrare se propune o modalitate anailitite (mainly in case of high duty) is essential. In thsrk,
calcul pentru deform@ posibii a fibrei medii a thereis proposed an analytical way of computafiiwrihe
semifabricatului supus preldeii, obiectiv mai puin possible strain of the middle fibre of the semisfimed
abordat in literatura de specialitate. product that is being processed, an objectived&ssissed
Astfel se satisfacei interesul permanent pentru in the literature. Thus, there is also met the pewemt
perfecionarea modelelor matematice, care devin din ceinterest for the improvement of the mathematicatiats,
in ce mai adecvate descrieri acestor procese dwhich become more and more adequate for the désarip
prelucrare. Tendia este sugwuta si de apatia unor of these machining processes. This tendency i also
senzorisi subansambluri tot mai performante pentru supported by the occurrence of some more and more
masurarea presiunii, vibtilor si te mperaturii. performant sensors and subassemblies for pressure,
vibrations and temperature measurement.

Cuvinte cheie:adaptiv, comand fibra medie, funde Key words: adaptive, control, middle fibre,
tehnologi@, prelucrare technological function, machining
1. Introducere 1. Introduction
Scopul automatiizii proceselor de prelucrare The aim of the automation of the mechanical

mecani@ se reflect in timp pe mutliple diretd, machining processes is reflected in time in various
dintre care, in fune de context, unele devin directions, some of which, as function of the
prioritare. Dintre acestea, cele referitoare lat,cos context, become of prior interest. As far as these

calitate, precizigi timp nu pot & lipseass. directions are concerned, those referring to cost,
guality, accuracy and time are essential.
Conform defintiei, prin comanda adaptiv As per the definition, adaptive control (AC)

(CA) se inelege “un sistem de automatizare ameans “an automation system of the machining,
preluctirii care pe baza inforngglor primite de la  which on the basis of the information received from
marimile de referig si tehnologice (caracteristici the reference quantities and the technological
ale mainii, sculei, materialului, capacitate quantities (machine, tool, material characteristics
producti, forte, puteri, costuri de prelucrare, indici productive capacity, forces, powers, machining
de calitate a piesei etgs)a informaiilor provenite  costs, the part quality indexes, etc.) and of the
prin masurarea unor parametri ai regimului deinformation obtained through the measurement of
prelucrare, chiar in timpul destrarii procesului, certain parameters of the machining regime, during
prelucrate potrivit unei anumite strategii, regieaz the very machining process, processed according to
parametrii procesului de prelucrare pentru a sa certain strategy, adjusts the machining process

ohktine un efect tehnico-economic optim” [1]. parameters in order to obtain an optimum technical-
economic effect” [1].
Modelele matematice devin eficiente dac The mathematical models become efficient if

functiile utilizate regyesc 4 descrie cat maiexagit  they succeed to describe, as accurate and complete
complet variabiltatea parametrilor reglabili ai as possible, the variability of the process adplsta
procesului. Aceste fuicau fost numite ,fundi de  parameters. These functions have been called
referind’ desi sunt dependente de proces (adic 'reference functions’, although they depend on the
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variabile in timp); o denumire mai adecvar fi  process (i.e. they vary according to time); a more
aceea de funt tehnologice (ale procesului) [2]. adequate name would be that of (the process)
Deducerea analtic a acestor fungé devine technological functions [2]. The deduction of the
anevoioas pentru piesele cu dimensiunivariabile. analytical expressions of the functions is rather
difficuft to accomplish for the parts with variable

dimensions.
2. Metodici de stabilire a fungiilor 2. The possible elastic strains of the carrying
tehnologice pentru comanda adaptii elements of the machine-tools
2.1. Context - come ntarii 2.1. Context - comme ntaries

Procesul de strunjire, este caracterizat de The turning process is characterized by certain
anumii parametrii ce definesc fa de achiere parameters which define the optimum admissible
optim admisibi (definita ca fungie tehnologid), cutting force (defined as technological functidoy,
pentru o anumit rigiditate tehnologig a STE, a certain technological rigidity of STE, a certain
varietate a dimensiunilor piesei (lungimi, diametre variety of the part dimensions (lengths, diametres
cu sau Fra trepte)si a modului de prindere a with or without steps), and the way the part igéix
acesteia (combinat C, intre varfuri V sau in(combined C, between centres V, or in the universal
universal U) [2]. Adturi de acgti parametri se lathe U) [2]. There is also highlighted the facitth
evideniazi si faptul ci efectul forei de gchiere  besides these parameters, the cutting force effect

mai depinde de: depends, as well, on the following:

- poztia instantanee a sculei in raport cu axele the instantaneous position of the tool as congpare
semifabricatului; to the semi-finished product axes;

- deformaia termici a elementelor STE; - the temperature strain of the STE elements;

- forta de inefie a semifabricatului (la piesele - the inertia force of the semi-finished product (a
grele); heavy parts);

- modulul de elasticitate al materialului piesei. - the elasticity way of the part material.

In functie de modul de prindere al piesei se The part fixing way also enables the assessment
poate evalua (in ipotezele teoriei rigidit pentru  (in the hypothesis of the theory of rigidity foreth
domeniul deplagilor mici) si forta de strAngere range of small displacements) of the part clamping
(incarcare) a piesei pe timpul preldci. Pentru (loading) force during its machining. For all the
toate opergile de prelucrare apargi problema machining operations, there also occurs the problem
reglajului limitativ, datoré condiiilor impuse de of the limiting adjustment, on account of the
caltatea supratei prelucratesi de durabilitatea conditions required by the quality of the machined
sculei. surface and by the durability of the tool.

De obicei nirimile reglate sunt viteza, avansul Usually, the adjusted quantities are: velocity,
si forta totai de gchiere, nirimea acestora feed, and the total cutting force, their size
intervenind in determinarea limitelor impuse pentruinfluencing the determining of the required limits
masina uneal in caui. Ohkinerea compromisului for the given machine-tool. The obtaining of the
optim du@ anumite criterii, intre anupniparametri  optimum compromise, according to certain criteria,
si cerinele impuse, presupune o lege complex between certain parameters and the imposed
pentru comanda adapiv ceea ce doar prin requirements, supposes a complex law for the
dimensionarea corespudbzare a faelor este adaptive control, which is possible only througé th

posibik. adequate dimensioning of the forces.
2.2. Prelucrarea prin strunjire 2.2. Turing processes
Definirea fungiilor tehnologice careasasigure The defining of the technological functions that

preciziasi capacitatea de produe corespuritoare  ensure the adequate accuracy and production
pentru prelucrarea prirsehiere, s-a bazat pe rgéa  capacity for cutting was based on the following
[2]: relation [2]:

F
YSTES - 1
RsTE @)
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unde: where:

Yste — marimea deformgei masurad la pies, ce yste— the size of the strain measured with the part,
apare la instalarea unui anumit regim de which occurs when there is established a
prelucrare stabilit; certain duty;

F — fora de achiere total (conform cu STAS F — the total cutting force (according to STAS
6599/4 — 89); 6599/4 — 89);

Rste — rigiditatea efectv a mainii unelte in  Rse — the effective rigidity of the machine-tool
procesul de ghiere, cu manifestare diract during the cutting process, with direct
asupra piesei afafin prelucrare. influence over the part that is being machined.

Precizia de forth a piesei se consider The accurate part form can be considered to

realizai, dac eroarea de prelucrare in gewe have been accomplished if the machining error in
longitudinad si transversdal ramane constaéitpe longitudinal section and in cross-section remains
timpul prelucirii, mertiondnd @ precizia de constant during machining, and mention should be
prelucrare este fufie si de echilibrarea statica made that the machining accuracy is also function
semifabricatului. Problema erorii in gseoe  of the static balancing of the semi-finished praduc
transversal se pune numai la modul de prindere inThe problem of the error in cross-section occurs
universal (situge in care poateasapaé miscarea de only in connection with the way of the part fixiimg
precesie a axei semifabricatulyi care limiteaz  the universal lathe (a case when there may oceur th

drastic fota de achiere). precessional motion of the semifinished product
axis, which drastically limits the cutting force).
Forta de lucru maxim admisiiiF, (F;) devine The maximum admissible working forég (F¢)
astfel fora de referima ce depinde de: becomes, thus, a reference force which depends on
the following:
- forma geometrig a semifabricatului (defiritde - the geometrical form of the semi-finished product
lungimeal (l;) si diametrul® (®;,) referitor la (defined by the length(l;) and diamete® (®;,),
treptele piesei, dacle exisi); with reference to the part steps, if they exist);

- modul de prindere a semifabricatului, in ordinea- the way of the semi-finished product fixing, the
cresatoare a farelor de achiere maxim admise  increasing order of the maximum admitted forces

inscriindu-se: comprising the following:

I. fixare in universal (U); I. the fixing in the universal lathe (U);

II. prindere intre varfuri (V); II. the fixing between centres (V);

lll. fixare n universadi prindere in varf adic lll. the fixing in the universal lathe and the fixing
prindere combinat(C). between centrese. combined fixing (C).

- poztia din fiecare moment a sculei in raport cu - the momentary position of the tool as compared
axa semifabricatuluisi originea sistemului de to the axis of the semi-finished product and the
coordonate in care se situgaresta; origin of the coordinates system where it is

situated,

- forta de inetie a semifabricatului (importantla the semi-finished product force of inertia (which
piesele grelesi mai ales pentru cele prinse in is important with the heavy parts, and mostly with

universal); those fixed in the universal lathe);

- deformaia termi@ a elementelor STE - the temperature strain of STE elements
(difereniata valoric, darsi ca importam, de la (differentiated according to value but also
element la element), efect mai protainin cazul according to importance, from element to
in care se lucredazu pinola blocait element), the effect being more highlighted in

case the spindle sleeve is blocked when working.
Deoarece piesa in goare este supiisunei Since the moving part undergoes a complex

solicitari complexe, se dogée ca funga ce descrie service stress, it is desired that the functioncWwhi
forta totad de gchiere, 8 devira “referinta” pentru  describes the total cutting force become “the
comanda adaptiv Indiferent de modul de prindere reference” for the adaptive control. Whatever the
al piesei, deform@m efectn totak Tn punctul de way of the part fixing, the total effective stram
contact pies-scui este reprezentatde cumulul the part-tool contact point is represented by
(micro)deplagrilor distincte cu cauze multiplgi  cumulating of the distinct (micro) displacements

diferite. with multiple and various causes.
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Sub influema forelor si deplagrilor ce intervin STE elements may present elastic strains under
pe timpul preluctrii, elementele STE pot prezenta the influence of the forces and displacements that
deformaii elastice, fapt ce ar afecta in mod directoccur during machining, which may directly affect
preciziasi caltatea supratei prelucratesi chiar the accuracy and the quality of the processed
capacitatea de prodie a mainii. Astfel, in cazul surface, and even the machine production capacity.
prinderii piesei intre varfuri, deforria totaf  Thus, in case the part is fixed between centres, th
(inclusiv a elementelor STE) in raport cu bazatotal strain (the strain of STE elements including)
(batiul mainii) se poate evalua, conform cu figura as compared to the base (the machine frame), can be
1, ca fiind: assessed according to figure 1, being:

YSTE= Ym+Yd + ¥Ys* ¥p ()

unde:y,, — deform@a masinii (strungului); wherey,— the machine (lathe) strain;

Y, — deformaia dispozitivului;
¥ — deformaia sculei;
y — deformaa piesei.

Y — the device strain;
y— the tool strain;
y — the part strain.

If the total cutting force is noticeable and
constant along the machined part, the part stein i
not constant, but for a certain 'variation way'tbé
force, the part strains can be maintained conssant,
case which is of interest especially from the point
view of the machining accuracy, but also from the
point of view of the cutting and clamping forces

Dadci forta totad de gchiere este apreciabi$i
constart in lungul piesei prelucrate, defortiaa
piesei nu este constantar pentru un anumit ’'mod
de variaie’ a fonei, deformaiile piesei se pot
mertine constante, caz ce intereseazspecial din
punctul de vedere al preciziei de prelucraresdar
modeirii fortelor de achieresi strangere — subiect
si al prezentei lucri. mode lling — which is the subject of this work.

Particularititile care apar se dator@az The peculiarities which occur are due to the
modurilor de prindere (impuse de dimensiunileways of clamping (required by the part dimensions),
piesei), dar Tn principiuamane ca element de Baz but in the main, there can be basically considered
considerentul conformacuia deformgia totai a  that the total strain of the part middle fibre is a
fiborei medii a piesei este prioritarfata de suma priority as compared to the sum of the elastic
deplagrilor elastice ale elementelor STE ale displacements of STE elements of the given
masiniiFunelte in cauz (aici strungul). machine-tooli(e. the lathe).
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Figura 1. Evidetierea deformgei posibile a fibrei medii a unei piese, supuselytrii
Figure 1. The highlighting of the total possibleagt of the part axis, during machining

a) The lathe strairy,, — the essential element as
weight in the occurrence of the machining errors
due to the (various) rigidities of the fast head-
stock, the loose headstock, and the slide, great,
but not infinite. The strains can be measured
during cutting on the chosen lathe (or specified in
the operator's handbook). As a rule, the value of
this strain is considered to be constant.

a) Deformgia strunguluiy,, — elementul eseal
ca pondere in ap@e erorilor de prelucrare
datorat rigidistilor (diferite) papwsii fixe,
papwii mobile si caruciorului, mari, dar nu
infinte. Deformaille se pot msura in timpul
aschierii, pe strungul concret stabilit (sau
precizate in cartea tehajc De regul, valoarea
acestei deforma se considet constarit.
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b) Deformaia pieseiy, — in aceast situaie, se
urmareste ca fota echivalert F. care
agioneaz asupra piesei as nu produé
fenomene de instabiltate sau defotimda
rotatiile piesei pe timpul preludrii. Trebuie
luat n considerareac de fapt, asupra piesei
agioneaz o fora echivalent diferita de cea
considerat initial.

Deformaiile_dispozitivuluiyy si sculeiys — de
reguli, prin construga lor, dispozitivele de
fixare a sculelor pe m@ma au o rigiditate

suficient de mare. Avand in vedere efectele
pentru precizia de prelucrare
oktinuta — ce apar la folosirea in SCA a unor

negative

portcuite cu rigiditate variahil, apare cu atat
mai important gisirea unor solii de principiu

si constructive la aceste dispozitive, care s

permi& masurarea componentelor fer de
aschiere, fira insi ca prin aceasta dispozitivele
si devirh punctul nevralgic (din punct de
vedere al rigidittii) din STE.

2.3. Consideraii privind calculul

reactiunilor si a fortelor critice

de flambaj

La calculul reagunilor determinate de fazle
de achiere la varful sculei shietoare si in
dispozitivele de prindere, pentru fiecare vasaint
parte s-au luat in considerare mai mule gitua
generate de pam| varfului sculei gchietoare in
lungul piesei prelucratgi de forma piesei. Aceste
calcule s-au efectuat pe baza eeudifereniale de
ordin 2 a liniei elastice integiatupg metoda Euler
[3, 4].

2.3.1. Piesa prind in universal (I)
1. Calculul reactiunilor
Figura 2, permite scrierea etila de echilibru

ale fotelor si momentelor pentru determinarea equations of

reaciunilor; distana la care se considervarful
cuitului este notaicu Xx.

b) The part strairy, — in this situation it is aimed
that the equivalent forc&., which acts upon
the part, will not produce instability phenomena
or strains when the part rotates during
machining. In fact, there has to be taken into
account that an equivalent force different from
the initially considered one act upon the part.

c) The strains of the devicg and of the tooys —

as a rule, through their construction, the devices

for the tools fixing on the machine have a rather

great rigidity. Taking into account the negative
effects — for the obtained machining accuracy —
which occur when using in SCA some tool
holders with variable rigidity, it is of ever
greater importance to find some solutions of
principle and construction for these devices that
enable the measuring of the cutting force
components, without making the devices
become the sore point (from the point of view
of rigidity) in STE.

2.3. Considerations conce ming the

computation of the back strokes and of

the critical buckling loads

At the computation of the back strokes brought
about by the cutting forces at the peak of thengutt
tool and in the fixing devices, for each variant
separately, there have been taken into account
several situations generated by the position of the
cutting tool along the part that is being machined
and by the part form. These computations have been
carried out on the basis of the quadratic difféaént
equation of the elastic line integrated according t
Euler method [3, 4].

2.3.1. The part fixed in the universal lathe (1)

1. The computation of the back strokes

Figure 2 enables the writing of the equilibrium
the forces and moments for
determining the back strokes; the distance taken
into account for the cutter peak is noted with x.

1

O SN

Figura 2. Sche#nsimplificati pentru calculul regnilor unei piese prinse in universal
Figure 2. Simplified scheme for strokes computatiba part fixed in the universal lathe
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> Ff =0 Nt -F¢=0 ©)
Y Fp=0 Vp-Fp=0 (4)
> F.=0 V,-F.=0 5)
>M¢=0 M¢= 0 (6)
YMp=0  Mp-Fpx=0 (7)
> M.=0 M. —Fex= 0 (8)
2. Calculul fortei de flambayj 3. The computation of the buckling load
a) Cazul piesei cu un singur tronson a) The case of the part with one section

Vom considera starea deforridat piesei supuse  There will be taken into account the strained
prelucirii, modela ca o grind incastrat la un state of the part that is being machined, modeled
capit si libera la cedlalt capt, conform figurii 3, a beam fixed at one end, and free at the other end,
urmiarind metodologia cazului trei de flambaj dupaccording to figure 3, by applying the methodology
Euler [3, 4]. of the buckling case three, according to Euled]3,

o~
v

Figura 3. Pies cilindrica simpk
Figure 3. Simple cylindrical part

Ecugia difereniala a fibrei medii deformate The differential equation of the strained middle

este: fibre is as follows:
dv _ M;(X)
—5=-—icl ©)
dé  ElL(X

unde: where:

Mi(x) — este legea de vati@ a momentului M;(X) — is the variation law of the bending moment

incovoietor pe tronsonul considerat; on the section taken into account;

El,(x) — rigiditatea la Incovoiere a grinzii, constantl,(x) — is the beam bending rigidity, which is
pe un tronson, dar variabilin trepte pe constant on one section, but varies in steps
lungimea grinzii. along the beam;

Mentionam cd s-au ficut urmatoarele notgi, Mention should be made that there have been
care s-au Pstratsi in continuare (la celelalte cazuri):made the following notations which have been used
- F; — forta de avans below (for the other cases), as well:

- F. — forta de achiere - F; —the feed force

- V— digeata din punctul de @enare al forei de - F. — the cutting force

aschiere (yp) - v — the arrow from the point of the cutting force
- f — Sigeata maxir a piesei operation (yp)
- | = lungimea tronsonului - f — the part maximum arrow
- |; — the section length
M; (X) =-Mg + Fx (20)
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dv M) (11)
dx2 El
d?v
El— =Mq - Fx (12)
dx
d _ Mo—Fx (13)
dx? El
2
o AV Mox, (14)
dx 2El El
_ 3 2
- 2P, Mox +Cx+C, (15)
6EI 2El
Prin urmare ofinem un sistem de d&uecuaii Consequently, there is obtained a system of two

cu dod necunoscuteC;, C,, pe care-l vom rezolvaequations with two unknown£;, G, which will be
punand condiile la limita. Condiiile la limita sunt:  solved by using terminal conditions. The terminal
conditions are as follows:

. x=0, v=0 I. x=0, v=0
_ 13 2
0=—H", Md +Cyl +C, (16)
6El 2El
. x=I, ﬂ/:0 . x=I, ﬂ/=0
dx dx
0==FZ Mo +C (17)
2El El
Sistemul, prin a @ui rezolvare otinem The system, by whose solving there is obtained
valoarea constantel@;, C,, se scrie sub uriitbarea the value ofC;, C,, constants, will be written under
forma matriceal: the following matrix form:
FI2 Mg?
I 1] [C 6El  2El
g?t= (18)
1 0| |Co 2
FI© Mgl
| 2El El |
Calculele constantelo€; si C, permit calculul The computations df; andC, constants enable

ecuaiei fibrei medii, ecuge care este de forma: the computation of the equation of the middle fibre
an equation of the following form:

3 2

-Fx"  Mgx

V= + +Cx+C (29)
6EI  2El 2

b) Cazul piesei cu dod tronsoane b) The case of the part with two sections

Si in acest caz vom considera starea defatrmat  In this case there will be also taken into account
piesei supuse preluoii, modelai ca o grind the strained state of the part which is being
incastrai la un capt si libera la cellalt capit, machined, modelled as a beam fixed at one end, and
conform figurii 4. free at the other endgcording to figure 4.
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o
¥

M
b 4

Pf 5 H

Figura 4. Piesin trepte cu 2 tronsoane
Figure 4. Piece in steps with 2 sections

» Pentru tronsonul (3 — 2) se scrie g@ua * For section (3 — 2), there wil be written the
following equation:

Mi(x2) =-M3z+Fcx +Ff vy (20)

Din ecuaiile de echilibru static se deduce: Out of the static balance equations, there can be
deduced the following:

M3=0 = M3z+Mg-FJlo-F¢f=0 21
3

Tnlocuind n ecugia (20) se ofine: By making the replacements in equation (20),
the following can be obtained:

Mi(x2) =Mg —Fcla =F¢ f +Fexp +Frvp (22)
d2V2
El, + Fsvo :—M0+FC|2+Ff f _FCXZ (23)
g
Se fac nottile: There can be noted:
F
2 f
a5 =—— 24
T (24)
d? -Mgo+F,+Fsf F
2 haduy =22 ey, (25)
d)é E|2 E|2
Fclo+Fe f =M F
Vy = C; SiN G pXg + Cp COKMp X +— 2 0_ Tcy,
Ft Fy
dv F (26)
2 — ; c
—= =0 ,C{ COMWo Xy —U5CHrSINAH Xy ——=
dx, 2“1 2Xp U2l 2%2 F
* Petronsonul (2 — 1) avem: * On section (2 — 1), there are the following:
Mi(x1) = -M3+Fexp+ Frv (27)
M; (%) =0 (28)
2
dv2 _ (29)

%
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Ohtinem: There will be obtained that:

VS (30)

Prin urmare se obe un sistem de patru egiia Consequently, there will be obtained a system of
cu cinci necunoscuteC,, G,, G, G, f, care se four equations with five unknown€;, C,, Cs, Cy, f,
rezoha punand condiile la limitd. Condiiile la which will be solved by putting terminal conditions

limita sunt: The terminal conditions are as follows:
l. X2=O,V2=O I.X2=O,V2=O
. Fclo+ F¢ f =Mg
0=C;sin0+Cyco0 + = (31)
f
dv. dv.
. %x,=0,—2=0 Il. X, =0,—2 =0
dx dx
. Fec
0=02Cicox0D-a-C» smO—F— (32)
f
Xq = Xy =1
m. T2, Vi =V, . 1720 v =y,
X2 =12 X2 =12
. Mo
Cysinaslo +Cocosnly —Caly —Cy + f :F_ (33)
f
V. X1=|2’ ﬁ—di V. X1=|2, ﬁ:di
X2 =lp dxy dx Xo=lp dx dx
. F
0 5Cq cosusly —ayCosinasly —Ca =F—C (34)
f
V. X1=|2 V1=f V. X1:|2 V]_:f
f= C3| 2 + C4 (35)
Sistemul, prin a #@ui rezolvare se dlme The system, by whose solving there will be
valoarea constanteld®,, G, G, G, f, se scrie subobtained the value &, C,, G, G, f constants, will
urmatoarea form matricead: be written under the following matrix form:
[ Mg -Fls |
_ S Fy
0 1 0 0 1]|C F.
oy 0 0 0 0]|C F
SinC(2|2 COS]2I2 - |2 -1 1 []C3 = m (36)
a,costsl, —assino,, -1 0 0]|Cy Ft
0 0 l, 1 -1 f F
Ft
- O -
c) Cazul piesei cu trei tronsoanefigura 5 c) The case of the part with three sectiondigure 5
* Petronsonul (4 — 3) avem: * On section (4 — 3), there is the following:
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1
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1
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...................... [ m—pyr—gr gy ———yy— ___}
k. i lvz ,r?l
¥ o
Figura 5. Pie®in trepte cu 3tronsoane
Figure 5. Piece in steps with 3 sections
Mi(xg) = -Myg +FcXg+ Frvs (37)
Din ecuaia de echilibru static: Out of the static balanceadion:
ZM4=0 < M4+MO—FC(|3+|2)—Ff|:f=O (38)
= Mi(x3) =Mo +Fexg —Fc(l2 +l3) —F¢ f +Ffv3 (39)
d2V3
El3 =-Mo-Fexg+Fc(l2+13) +F¢ f —Fpvg (40)
g
dv Fe f=Mg+F(lp +l F
3 4oy =t ot Fellz +l3) & g 41)
unde naim: where the following will be noted:
F
2 f
a5 =—— 42
S EL (42)
= soluia ecuaiei difereniale omogene: = the solution of the homogeneous differential
equation:
F¢ f —Mg+ Fc(lo +1 F
v3 =CySinagxg +Co CcosnigXg + i 0 c(l2 3)——CX3 (43)
Fy Fy
dv . F
—3 =Cj03C003X3 — Co03SiN0IgXg ——C (44)
dxg Fi
e Petronsonul (3 - 2) avem: e On section (3 — 2), there is the following:
Mi(x2) ==Mg +Fexp + Frvp =Mg —Fe(l2 +13) —F¢ f +Fexo + Frvo (45)
d2V2
El2 =-Mo +Fc(l2 +I3)+ Ft f +Fexo = Frvp (46)
dg
d?v Fef=Mg+F(lp+I F
2 4y, =1 otFella+lg) Sy, 47)
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unde natm: where the following will be noted:
F
2 f
a5 =— 48
T (48)
= solyia: = solution:
Fef-Mg+F.(Ip+1 F,
Vo =C3sin0oXo +C4COSUoXo + f 0+ Fellz+ls) -—L x5 (49)
Fy Fy
dV2 . F
—=% =C30 2 COSN pXp —C40 2 SINO HXp ——&
dx, 302 2X2 L4022 2X2 = (50)
e Petronsonul (2 - 1) avem: ¢ On section (2 — 1), there is the following:
Mi(x) =-Mg+Fexg +Frvy (51)
M (%) =0 (52)
d2
iog (53)
dx;
dv
2 -c
dg > (54)
v =Csx +Cg
Condiiile la limita sunt: The terminal conditions are as follows:
l. X3:0,V3:O |.X3:O,V3:O
Fif-Mo+Fc(lx+I
—  C;siN0+CycosD+— OF ell2*ls) (55)
f
Mo-F.(5+I
C, + £ =Mo c(2+13) (56)
Fy
I xg=0,2%8 ¢ I xg=0, 2 -9
dX3 dX3
. F,
= Clo(gcoso—Cgagsan—F—Czo (57)
f
=
Cog3 =—C (58)
Ft
Condiii de continuitate: Conditions for continuity:
. ptX, =l si X, =, = v, =V, l.for X, =l, andX, =l, = Vv, =V,
Fi f —Mg+F.(Io +1 F
C;lSinG3I3+C200$3I3+ f 0 C(2 3)_—C|3=
Ft Ft
= (59)
Cssinaslz +C4cosmolg + -—=l3
Fi Fi
C;sinaglz +C, costigly —Cgsinayls —C4cosn,l3 =0 (60)
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. d d
V. th3:|3 Sl X2:|3 = —V3:d—V2 IV.for X3=|3 andX2=|3 = —V3:d—V2
dxg dx dxg dx
. F : F
Ciazcosngly —Coozsinasls —F—C =C30 5Ot ol 3 —C40 5 sina5l3 —F—° (61)
f f
C10(3 C03]3|3 —C20(3Sin0( 3'3 _030(2 COSO(2|3 + C402 Sin0(2|3 =0 (62)
V. pt X3=|3+|2 $| X2=|3+|2:> V1=V2 V. for X3=|3+|2 andX2=|3+|2:> V1=V2
Casina(lz+1,) +Cycosu,(Ig+15) + -—L(3+ly) =
3sina (I3 +13) +Cy 2(I3+12) . . (I3+l2) 63)
=GCs(3+12)+Ce
. M
= Cssinaz(lz +12) +C4cos0z(I3 +12) =Cs (I3 +12) =Ce + f =F—O (64)
f
VI. pentru Xg=lg+l, si X, =lg+l, = VI for x3=lg+l, and x,=I3+l, =
dy _dv dy _dy
dxy dx dxy dx
F
Caazcosn (I3 +12) —~Caapcosan(lz +12) - Cs :F_C (65)
f
VII. Sageataf =v,(l, +l3 pauf =v (1, +l3) VII. arrowf =v, (I, +13)or f =vy(l5+13)
= C5(|3+|2)+C6= f (66)
Sistemul se pune Tn foematricead: The system will be put in matrix form:
o 1 0 0 0 0 1]
Os 0 0 0 0 0 O
sinads Co5l3 —-sinaslz —Ccosol3 0 0 0
03C0gd3 —0a3Sinagdy  —0ocool3 OoSsinaol3 0 0 o0
0 0 sinas (I3 +1p) coir (I3 +19) —(3+l) -1 1
0 0 Oocox(I3+lp) —assinas(lz +ly) -1 0O O
| O 0 0 0 (3+lp) 1 -1
[ Mo-Fe(l2+13) ]
_ Fs (67)
“ R
C F
Cs 0
[]C4 = 0
Cs Mg
Ce F
f F
L' F
— 0 —
Calculul pentru celgase constante prezinteva The computation for the six constants has some

dificultati pe care doar calculatorul le poate sola difficulties that can be dealt with only by the
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intr-un timp rezonabgi aceasta numai da@numite computer within a reasonable time, but only after
preparative. Pentru piesele cu patru gavai multe certain preparations. As far as the four or more
tronsoane (ex. arborii catsau alte forme), calculelesections parts (e.g. crankshafts or other forme) ar
devin probabil prohibitive chiar si pentru concerned, the computations will probably become
calculatoare dacne referim la ‘timpul real motiv prohibitive, even for computers, if we refer todre

pentru care este necesar s @gseas& formule time’, a reason which requires the finding out of

aproximante.

3. Concluzii
Se constatca dintre toate ririmile masurabile
ale procesului de sahiere, cea mai fidelpentru
proces, se dovege a fi fota de achiere (prin
componentele sale). Alegereatérde gchiere, ca
marime de referiti  programat-controlalail
prezink anumite avantaje:
- stabilirea unei Tnarcari optime a sistemului
elastic al mainii;
- diagnosticarea @ii de uzua a cuitului;
- controlul legat de naturasi marimea
autovibraiilor definind si o lege pentru
rigiditatea tehnologit a intregului sistem.

In lucrare s-a urarit stabilirea expresilor
generale ale deformiai fibrei medii, pentru

approximation formulae.

3. Conclusions

There has been found out that the quantity most
faithful for the process, among all the other
measurable quantities of the cutting process, grove
to be the cutting force (through its componentée T
cutting force choosing as the reference programmed-
controllable quantity has certain advantages:

- the establishing of an optimum loading of the
machine SE;

- the diagnosing of the cutter wear;

- the control connected with the self-vibrations
nature and size which also defines a law for
the technological rigidity of the whole
system.

This work has aimed at establishing the general

expressions of the middle fibre strain, for the sem

semifabricatul supus preldgii, in cazul pieselor cu finished product that is being machined, in theecas
1 - 3 tronsoane cu prindere doar in universal.m@entof parts with 1 - 3 sections fixed only in the
situatiile cu mai mult de 3 tronsoane calculele seuniversal lathe. As far as the situations with more

complica extrem de mult.

Expresiile analitice ale f@i ca funcii
tehnologice astfel stabilite, cumuléazat mai multe
condiii (in final trebuiesc toate) pe care urmgax
le indeplineastregimul de gchieresi constituie de
fapt suportul de referi care asigur o incircare
comandat a strungului ducéand
progranarii  marimilor cu caracter limitativ.
Avantajul deosebit al unei animi de referima
precise conduce apoi prin posilafite actuale ale

than 3 sections are concerned, the computatiohs wil
be extremely complicated.

The analytical expressions of the force as
technological functions thus established, cumulate
as many conditions as possible (which finally dre a
of them necessary), and that will have to be fedfil
by the cutting regime and are in fact the reference

la eliminarea support which ensures a controlled loading of the

lathe, leading to the elimination of the programgnin
of the quantities with limitative character. The
particular advantage of an accurate reference iquant

calculatoarelor la reducerea sau chiar la elimmareleads then, through the today’s computer posgiilit

mai multor faze intermediare de lucru la opdea
tehnologice in cadz cu un real
productivitatea opetei.

Aparenta complexitate a fumtor nu ar trebui

aport la

to the reduction or even to the elimination of salve
intermediary working stages at the given technoidgi
operations, resulting in an actual contributiortrie
productivity of the operation.

The apparent complexity of the functions

si mai constituie un impediment in exploatareashould not be an impediment in the exploitation of
avantajelor pe care le preinkirga lor capacitate the advantages of their large capacity of synthesis
de sintez, a muttiplelor aspecte ce caracterizeaz of the multiple aspects that characterize SE in the
SE in procesul de strunjire. Bazandu-ne pdurning process. On the basis of the experiments
experimentele efectuatg eventual pe modelarea that have been carried out, and eventually on their
lor analogi@, se pot concepe algoritmi de analogical modelling, there can be formulated
conduceresi comand in vederea regflii valorii driving and control algorithms with a view to adjus
efective a rarimii fortei de achiere E;) apropiai  the effective value of the cutting force sizé)(

de valoarea foei de referifi F,s (dimensional f&@  close to the value of the reference forEgs
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de pied si temporal fai de proces). De modul in (dimensionally, as compared to the part, and

care sistemui algoritmul implementat hargi soft  temporally, as compared to the process). Obviously,

reseste ¢ execute acest lucru, depinde evidentthe lathe loading (the complete use of SE capacity)

incarcarea strungului (utilizarea completa  on condition of the operating accuracy and/or other

capaciiti SE) cu condia asiguirii preciziei de quality and cost factors assurance, depends on the

prelucraresi / sau a altor factori de calitagecost. way the implemented system and algorithm hardware
and software succeeds to execute this thing.
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