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ABSTRACT

Grinding, embossing, burnishing, thread rolling,awiing,
cutting, turning are very complicated technologipabcesses.
To increase the quality of the product and minintlz cost of
process, we should know the physical phenomenahnicst
during the process. The phenomena on a typicakinental
step were described using a step-by-step increinemteedure,
with an updated Lagrange’s formulation. The techgiial
processes are considered as geometrical and phyeitdinear
initial and boundary problems. The finite elemenetiod
(FEM) and the dynamic explicit method (DEM) wereedigo
obtain the solution. The application was developedthe
ANSYS/LS-DYNA system, which makes possible a comple

time analysis of the physical phenomena: states of

displacements, strains and stresses. Numerical watigns of
the strain and stress have been conducted withusiee of
methodology which requires a proper definition loé ttontact
zone, without the necessity to introduce boundanyddions.
Examples of calculations are presented.

Keywords: Technological Processes, Updated Lagrangian

Formulation, FEM, DEM, Numerical Modeling, Numeilica
Simulation, Geometrical Contact Conditions.

1. INTRODUCTION

The technological processes as grinding, embosbimgjshing,
thread rolling, drawing, cutting are very compledt To
increase the quality of the product and minimize twost of
process, we should know the physical phenomenahngxist
during the process. This paper presents the mapedind
simulation of a contact problem in the operation of
technological production of objects. The processa®
considered as a geometrical and physical non-limétal and
boundary value problems. The mathematical model typical
incremental step time were described using steptéy-
procedure, with updated J.L. Lagrange’s formulafign A new
incremental material model of elastic (domain rei#e) and
visco-plastic (domain non-reversible) with mixedrdening,
including high strain rates and geometrical and spiaf
nonlinearities is used. The model takes into acttum history
of deformation. The identification of constitutiparameters in
the model of yield stress is made using unidireetidgest on the
studied different materials. An incremental modethe contact
problem for movable elasto/visco-plastic body fpatial states
(3D) is being considered. Geometrical contact daons (GCC)
for the case of a deformed object and a rigid astet tool, with
a rotation and translation of the bodies are intoed. A GCC
form used in numeric calculations is determinedp&wlences
between increments of unit forces in the contaed af bodies
is introduced. Basic incremental equations of thégee
displacement in the reversible and non reversildaezare
defined. The description of a geometrical contaciditions and
friction conditions in the ranges of stick-slip a@nsidered. The
models obtained are used to a variational formuatdf
equation of motion and deformation in three dimensifor this
case. Then, the finite element method (FEM) andadhin
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explicit method (DEM) were used to obtain the solut The
procedure has been implemented in the finite elérmemputer
program ANSYS, which makes possible a complex time
analysis of the physical phenomena: states of aligphents,
strains and stresses. Numerical computations oftitaén have
been conducted with the use of methodology - gero
definition of the contact zone, without the nedsski introduce
boundary conditions. Examples of numerical analgéisontact
bodies (tool-object) in different technological og@ons as
grindingand thread rolling processes are shown. The infleen
of the a single abrasive grain geometry and thénguangle on
the states of strain and stress in the surfacer layring
machining is explained. Examples of simulationha influence
a various thread rolling process conditions onstlages of strain
and stress, were presented.

2. MATHEMATICAL MODEL OF PROCESS

A mathematical model of the technological processes
formulated in increments and contains the followiagnaterial

model, a contact model, an equation of motion afdrahation,

with initial and boundary conditions.

Material model

Yield stress: Yield stressoy is the most important
parameter characterizing the resistance of a \p&astic
deformation. The incremental model of the yieldessr for a
typical step timet — 1=t +At was defined a<]:

Aoy =F1(mm£(evp) +F2(mm£évp) ) 1

where' Ael’® and A¢l®  are the increment of effective
visco-plastic strain and strain rate, respectivélyine{’” is

the component of change in the temporary yieldsstmg, with
change of the visco-plastic strain, whe®dl)l = do, (o™ is
temporary hardening parameter for constant accustila
effective visco-plastic strain rate at time(¢{™ = const),
Fz([ﬂmé(e‘”’) is the component of change in the temporary yield
stress g, with change of the visco-plastic strain rate, where
F, (1= do, ()Fa:"™ is temporary hardening parameter for
constant accumulated effective visco-plastic straintime t
(€™ = const).

Elastic/visco-plastic material model: A new model of
mixed hardening for isotropic material which inobsd the
combined effects of elasticity (reversible domainjsco-
plasticity (non-reversible domain) (E/VP) is us@the model
takes into account the history of the material.

The constitutive equation of increment componerita dotal
strain tensor takes form:

1 ~
Agjj =—~H[QD§E|) Aoy - A L), 2

and of increment components of the total stressoten

_~E = =
Acj _Ci(jkl) [Aey —v L5 S rc!

ijEl) ey —A), (3)
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where:
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is a component of a stress tensor,

_2 05y —.(vp)
A —EBJY G‘Wmse (6)
e

is a positive scalar variablé&g;; is the increment component of
the second Piola-Kirchhoff stress tensoD{ are the
components of tensoD® =[C®]™ in time t, Ag; is the
increment component of Green-Lagrange strain ter@ﬁf are
the components of elastic constitutive ten€8? .

Model of contact tool-object

The qualification of the area real shape of theidsdcontact
zones is combined with the determination in thesasof the
states of loading mechanics (pressures and fofdestmn) and
the state of the deformation of the object matergad the
opposite. In practical considerations, these stsincoupled in
the way that the first one determines the shapetanfield of the
contact point area of bodies and then loads thdtries these
conditions. The above case of the contact problem &n
essential meaning: the contact forces, contatheti§, shape and
field of the contact area of bodies, contact bogndanditions
and friction conditions in this area.

Forcesin the contact zones: In the time incremenht
increment of unit forceAp,, acted in a perpendicular direction

to the contact surface, however increments of doites
increments of unit forceAij and AtTj , j71,2 are tangential to

this surface.

n
A2 / AQT1
ApTl ¥ Atto
2 AQ:
Pr
= tr
A
pr2 Atr 2
T
ApN
Aq3
Ap
Z3
Aq

Figurel: Increments of unit forces in any pointohtact zone

From Fig.1, the following dependences result among
increments of unit forces:
Aty = Aty +Ato,,
Apr =Apg; +Apr,,
Ap =Apy +Apr,
Agy =Aqqy +AQy, = Aty +Apy,
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Aq =Aqy +Apy =Ap+Aty, ()

where Ag is the increment of the resultant unit force with
componentsAg;, i =1+3.

The components of increment forcép,; and Aty; add up
yielding componentsAqy; of resulting force Agy, acting
tangential to the surface of contact:

Ay = Apyy £Aty, j=12 (8)

Contact diffnesss Contact forces cause the
displacement of the edge of bodies in contact. vidhee of this
displacement is dependent of the contact stiffnegsch is
defined by the relation of acting force onto theface to the
value of the displacement surface of the contathéndirection
of the force working.

Contact stiffness occurs in the normal and tangkdtirections.
Dependence of unit force-displacemenp; ¢u;) can be
introduced with the help of two lines (Fig. 2). Tkiest one
concerns the range of the linear reversible digphent to yield
stressp! (range E), however the second one — the non-linear
non-reversible displacement (range VP).

| _Free movement of material | Blocking

oA the movemer
' vp f material
t T
o =
0 AU
—p
g e Aau ]
ki(E)
. W J;U.( ) U >
< U

Figure 2: p; —u; diagram for contact tool-object

An increment of the resulting displacement in tivection i, at
a typical time increment, is calculated with thee usf the
following equation:

Au; = Au® +Au; 9)

where Au® s the increment of an elastic displacemet;
is the increment of a visco-plastic displacement.
From p; —u; diagram, we obtain:

Ap, =k® u®,
Ap; =kVP) @, (10)
where k® and k" are temporary stiffness coefficients in

direction i, for range E and VP respectively. Theefficients
are given by:
ap;
ki == for p <pl,

k® :—UF:iE), for p, >p/,
i

kM =0, for p; <p’,

K™ =P for p, >y, (12)
u.
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where u® is the accumulated component of elastic
displacement,p; is the accumulated component of the normal
unit force at time t.

From Egs. (10) and (11) we obtain the relationsvben the
increment of resulting displacemeu; and the increment of
pressureAp; :

Au; =[k{P17 p;, for p <p,
E)_VP)
|

A =Au® +

p, for p, >p’. (12)

It results from relationships Eq. (12) that therément of the
resulting unit force is the function of the incremhef the edge
displacement. The qualification of these relatiopstdemands
the knowledge of experimental curvep, —u;, for real

conditions of the contact. It is often very diffitto realize the
determination of such dependence, or it is unféasilm the
present paper, this difficulty is eliminated by ariational

formulation of movement equations and the use efafive

methods of solution. Assuming that the state ofitlseement of
the pressure and frictions’ force is known from trevious
iteration, temporary coefficients of contact stdés ki(E) and

k?) and dependencp; —u; are determined analytically.

Boundary conditions in the contact zone: The
geometrical condition of the contact defines curmistance g
between points on the edge of bodies along the aorm
direction, i.e. perpendicular to the tangentialnglato both
bodies (Fig. 3). A geometrical condition of the tzmt will
become formulated in increments in a general foirm, for
spatial states, at foundation, that both objects,the tools
undergo translation and turn, at which tool havecimlarger
stiffness in comparison with the object. The bodiemain
under influence of forces and moments.

Temporary distanchy(z,t) the edge of the object from the active
surface of the tool, in a normal direction, follogi the
dependence between the component vectors:

*g(z;1)="g(z;) + AK D - AuP) (z;A0) - ALY (z;A1) 2 0, (13)

where AK 9 s a total influence of the translation incremend
rotations of tools and the object onto the dispiee® increment
of the object's edge\u? (z;At) and tool AU (z;At) .

a0,

>
MO L=l
Al g0

Figure 3: lllustration of geometrical conditionsaafntact

From condition Eq. (13), there result the followicases:
a) if "g()>0and'g())>0 then the point in question lies
beyond area of contact,
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b) if T"g(l=0and'g())>0 then in the considered point a
contact followed,

c) if "g(J)=0and 'g(l)=0 then considered point in area of
contact still stays in it,

d) if "g(y>0and 'g(=0 then in the considered point a loss
of contact occurred.

Condition Eq. (13) is used in numerical calculasioThe
application of an iterative procedure defines tligpldcement
conditions in the contact area. Then, it takes mothe iteration
process, that distancég(ll=0 and 'g(Jl= O (functions are
known from foundation), increment of displacemeifittaol
edge Augo) as a result of deformation is known from previous
iteration, however it seeks itself an incrementtoé edge
displacement of objectiuy’ , from transformed Eq. (13) to
form:

AUQ (AT = AK O (01 — AuQ (z; A1) (14)

Boundary conditions for displacement Eq. (14) gppliad in
numerical analysis of the contact problem in comisition.

Incremental model of motion and deformation

Variational formulation: The equation of motion
and deformation of the object is developed in thpelated
Lagrange’s formulation. Assuming that numericalusohs are
obtained at discrete time t, the solution for time At is to be
obtained. At this case a functional increment isriglated for
increment displacementAHAL, AL, Au]=0AH0] where Au;,
Au;, Al; are the th increment components of the
displacement, velocity and acceleration vectorspeetively.
Using the conditions of stationary of functiond&F (), we
obtain a variational equation of motion and defdiora

JAF(D] = [P, +Al;) B(Au;) @V +a Of p A, B(Au;) @V
ty ty
~ 200 p G, [©; B(Au;) mv% (B[ A% (TLF) B(AE, ) @V
ty ty

1 ~ — 1 - -~
+3 B0 & [T B(AE,) av+ BO[ A [T B(AE,) @V
tV tV

1 . _ 1 < _
5 B[ A [T BAE,) m:|v+E B[ 8(Ag,) [Tl (g, @V
ty ty
1 - _ 1 - ~
+3 B [3(0&) [T B uuv+E (B[ 84, ) [Tl BE, WV
ty ty
1 - _ B~
+ B O 82, [T [B(AE) [V + [Ag; [T BAE) [V
ty ty
+ j AE; [T B(0E,) @V + j AF; [THP" B(AE,) @V

ty ty

_ ‘e 1 s o~
+ [0, TP Eé(Ask,)mV+EDj (T, +A0;) B(AE,) @V
ty ty
1 roy
+EDJ(T” +A0} ) [B(E, ) [V~ Of plE; [Q [0 (B(Au;) [V
ty ty

- mefi +4f;) [3(Au;) [V - J@ +A0;) B(Au;) L2, =0, (15)

ty le

where T; is the component of Cauchy’s stress tengoand3
are constants (to be determined from two given diagnmatios
that correspond to two unequal frequencies of iy,
A"ij ,A'Eij are linear and non-linear increment components of
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Green-Lagrange’s strain rate tensdg; = 05L{Au; ; +Au;;)
and Ag; = 05[{Au;, [Du;,) are the linear and non-linear
increments components of Green-Lagrange’s strairsote
respectively, p is the mass density at time €; is a
accumulated component of total strain tensor a¢ tirfdepend
on the history of deformation);;, Af; are the components of
the internal force and increment force vectorspeesively,
g;, Ag; are the components of the externally applied serfa
force and surface increment force vectors in thetac body
zones, respectivel®); is the component of the gyro tensor. The
integrations are performed over the volume V andase of
the body, respectively.

Implementation of the finite elements method:
Assume that the complete body under consideratas been
idealized as an assemblage of finite elements, eehat
typical step timet - 1=t+At for element e, in the local
coordinate £}:

Au® =N® w (e),
AU © — N © W (e),
Ai® =N© @ ©
As® =B©® aw (e)’
A:© =BO AW® +BO aw®,
AT @ =AW B® aw @,
Ag(e) =2[AW © |]§(e) AW (e),

N6 ®© = (S(e) +CBE W © [E(e)) 2w (e)’ (16)
where Aw® AW® AW® are increments vectors of
displacement, velocity and acceleration in the &Ly nodal
points of element e, respectivehdw® is the matrix of
displacements increments, theN® s displacement
interpolation matrix, B®, B® are linear and non-linear
incremental strain - incremental displacement fansation

matrices,S(e) now define the incremental stress within element
e as a function of the nodal point incremental ldispment.

The variations in the Eq. (15) in the local Cadestoordinate

{x}is:
3(Au®) =N©@ BAaw @),
3(0e®)=B® Baw®),
3(AE@) =AW ® B® Baw®)
3(AE©@) =B ©@ B(aw®),
3(AE®)=AW® B BAwW®). 17

Using the Egs. (16) and (17) and substituting thovariational
Eq. (15), we obtain the discretized equations ofionofor an
assemblage of elements in the global coordingte {

M +{Clot, B, 2, 80%) +C ()0 +{ (A=K < (ww2)
FAK 4 (W, AW) + BK ¢ (Aw?))+ K , Bw, W) ~K ¢ (@?) +K ¢ (0)
+0K  (A0™) + AK 5(B,w, W, Aw, AW))Ar = F(f,0,W) + F(w”)
+R(q) +{AF(Af,Ac™) + AR(AG), (18)
where:
AW @ wiga = ACwgan Dy,

me (19)

© NG
A W(e)N =A 2 WexN’

€,
1 WeypWee
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AP is the transformation matrix to relate the basislaufal
system &} and global system#}, A® is the Boole’s matrix
(logic matrix), Aw®© is the nodal point increment displacement
vector of element e in the local coordinai@,{ Ar is the nodal
point increment displacement vector of system ia tfobal
coordinate £}, N is the number of all nodal points of system.
Introduced the following notation:

Cr =C(a,B,w,Aw,Aw?) + Cg (),
Ky = @-{S")(KE + K@) + K, (- K 0+ KT (0}
AK 7 = (=S )(AK 4 (01+ AK 5 (0) + AK { (I1+ AK 5 (0}
Fr = F(f,0,W) + F(w?) + R(Q),
AF = AF(Af,Ac™D), AR =AR(AG), (20)
we can write the Eq. (18) in the form:

M [AF + Cq [AF + (K 1 + AK 1) [Ar =AR + AF + F; (21)
where mass matrixM , damping matrixC , stiffness matrix
K; and external and internal force vectby are known at
time t. However, increment stiffness matri&K ; , external
incremental load vectoAR , internal incremental forces vector
AF , incremental vectors of displacemeiyt , velocity Af and
acceleration Af'  of finite element assembly at a typical step
time are not known. In order to solve this problemapply the

integration methods - central difference method ¥DEwhich
it is one of methods of direct integration the Ex).

3. DEM SOLUTION

Assuming that an increment of temporary (s very small,
it is possible to execute a linearization of Ed.)(@nd using the
incremental decomposition we obtain an equatiortifioe t:

MO +C,OF + K Or = 'Fr+'Q. (22)

Then using the central difference method (DEM)which it is
assumed that:

o mt At AL A
o r s r-20r r 23)
2t At?

and substituting the Egs. (23) into Eq. (22) weaobt

M0Or = 'Qq (24)
where:
=M, Cr
A2 20

is effective mass matrix, and

t ~ t t Zml’ —ta r t_Alr
= "F+'Q-K r +=——— M +
Qr T+ Q-Ky A 2Nt

2 [CT (25)

is effective loads.

The integration method requires that the time #tieis smaller
than critical valueht,,, which can be calculated from the mass
and stiffness properties of the complete elemestrablage:
At< At =Ty /m where T is the smallest period of the finite
element assemblage with N degrees of freedom.
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4. RESULTSOF NUMERICAL CALCULATIONS

Rolling process of theround thread [3]

The main aim of the simulation was to define thituence of
friction coefficient on the state of deformationsf@acements
and strain) and stress in the surface layer ofalhject. The
numerical analysis for 2D states of deformation 3Bdstates of
stress was applied on the example of steel C55.tdblkis
considered as rigidE —» o or elastic body, however the
material model as an elsto/visco-plastic body witin-linear
hardening. The model has discretized by finite elem
PLANE183 with non-linear function of the shape. Tduntact
tool with work pieces was modeling by elements TAR®G9
and CONTA171.

Exemplary results of the numerical simulation arespnt on
Figs 4 and 5. Analyzing the distribution of defotioa of the

finite element grid and state of effective straaral stresses,
where the influence of the lubrication conditioroisserved.

For =0 in the contact zone tool — work piece (Fig. 4a),
during the forming the outline of the thread, miafleisn’t
braking by tool and slide through the contact sefaThe
curving of vertical line of the finite element grid invisible.
Other side, increase the friction coefficient causecrease
braking of the material. For high value of thetina coefficient
(Fig. 4b) occurs strong braking of material in toatact zone.
Form also the adhesion zone of material. That cdnigker
displacements of material in the zone placed faffmn the
contact zone. Then the line of the finite element care
stronger curved.

b)

-174E+09
.25BE+09
-343E+09
«427E+09
-512E+09
.596E+09
.6B1E+09
- T65E+09
.850E+09
.934E+09

e

RRRREE0O0

Figure 4: The deformation of grid and the maps fééative
stresses on a longitudinal cutting plane for vasiaalue of
frictions coefficient

The friction coefficient has high influence on waluand
distribution of strain. Fo =0 the maximum of effective strain
€. = 078 is located on the bottom of the thread, near & th
contact surface (MX1, Fig. 5a). FQr>0 appear an adhesion
zone of material in the bottom of the thread, whigtke
characteristic shape of a wedge. In this zone dhge\wof strain is
very small. Forp = 039 strains are closer to the contact surface
and getting smaller to value, = 0,0016 (elastic strains) (MN,
Fig. 5b). Whereat the local maximum of strains (MXloving
down in surface layer. Then appear additional twecall
maximums of the effective strains. Second maximiixa) is
placed near to the contact zone of the side othtead, where
higher value of friction coefficient increase stsivalue from
€., = 0176 for p=0 (Fig.5a) to valuee, = 054 for p = 039
(MX2, Fig.5b). Next one local maximum (MX3) is Ided in
depth of material on symmetry axis pass through dbghe
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thread. Here, strains are getting smaller togetliterincreasing
of friction coefficient from value ¢, =0351 for pu=0
(Fig. 5a) tog, = 0,423 for pu= 039 (Fig. 5b).

. 835E-0
uuuuu
.175723
. 263166
. 35081
. 438054
.525498
.612942
. 700386

7878

.758E-0 _
.061114 p =039
.121471

8

5
2

.302
.362898
.423255 MX
.483612
543963

L[ [ [N

RERREOOOC0

Figure 5: The maps of effective strains on a lardjital cutting
plane for various value of friction coefficient

Grinding process[5]

For the correct modelling and analysis of the grigcbrocess,
the knowledge of the course of the physical phemame
occurring in the machining zone in real conditiofis.
geometry of grain and technological parametersygsdo be
necessary. For this purpose, an analysis of theepsoof cutting
with a single abrasive grain was conducted. The ehad
abrasive grain (Fig. 6) specified in paper [4] asidered as
rigid or elastic body. The object is considered the
elastic/visco—plastic body and it's rotating withgalar velocity
® around own axe. An abrasive grain with the apeyeaof
B=80+12C° and the corner radius = 0,001 pm is tilted in
relation to the foundation by tool cutting edgengle
a=®+0+y=45+65° [6]. The depth of cut wagy = 001
pm. The value of the real depth of cut of the mate:lemoved
as a result of elastic displacement was smaller wad ca.
g, =0,009 pm.

/N O
elastic/visco-plastic body

Figure 6: The schema of considered process ofnguttith one
abrasive grain the elastic/visco-plastic body: depth of cut, g
— real depth of cut, g~ elastic deformation of material, r —
corner radius, ¥— chip velocity,o — angular velocityy — tool
rake angle — shear angle

Numerical simulation in the ANSYS system was corneddor
different anglesf and a of the abrasive grain. The object
machined and the abrasive grain were digitized lbgnents of
PLANE162 type with a non-linear function of shapehe
contact grain with body was modeling by Single Scef Auto
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2D (ASS2D). The net of finished elements was cotraéd in
the contact area. Sample simulation results areepted in
Figs. 7 and 8.

While analysing the results obtained it was foumat together
with the change of the anglasandf, the values of strains and
stresses are subject to change. Abrupt increasssesses are
the result of the chip creation phenomenon. Togethtn the
increase of the tool cutting edge angle, the saegled of the
material separated from the foundation increaseswell. It
was found that both angles have a significant exfte on the
chip shape.

For the tool cutting edge angle =45°, we observe fast
disturbances of the cohesion of the material betwde

neighbouring chip elements. This results in the that the

chip drops off from the cutting edge in the form s&fparate
elements — a segmental chip (Fig. 7).

. 740565

STEP=1 \\\
SUB =81
LS- DYNA user i nput

Figure 7: Map of effective strains in the chip ¢i@a phase for
B=120°, a =45°, r = 0,001 pm

For angle a =65°, there occurs the phenomenon of chip
curling (Fig. 8) in the direction of the foundatiomachined — a
stepped chip. This is the result of the fact tlteg thip line
from the side of the cutting edge action surfacliger than
the chip line on its opposite side. For angle= 55°, the chips
created are segment chips. Fast cracking of theeethiments is
observed.

967384

. 438E+09 ’/ /
. 875E+00 /7

. 131E+10 é

Figure 8: Map of effective stresses in the chipatiom phase
for B=80°, a =65°, r = 0,001 um

6. CONCLUSIONS
The technological processes are geometrical andigadynon-
linear initial and boundary problem. Boundary caiodis in the

contact zone tool-object are not determined. Measent of a
process parameters decide on the technologicaltguaich as:
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displacement, strain, stress, etc. during the pceith
nowadays technique of a measurement is impossiiteut
their course, we could conclude on the properthefproduct.

An application of modern mathematical modellingmeuical
methods and computing systems allows an analysiemplex
physical phenomena occurring in the process under
investigation. The application developed in the AM$Ssystem
enables a time analysis of the process with theideration of

the changeability of the lubrications conditions1 e course

of physical phenomena in the working zone we cardast a
technological quality of the product.

The obtained results of the computer simulatiorthef thread
rolling process show that the friction coefficiemtiuence on the
states of displacements, strains and stresses sutface layer of
the thread, also is one of the factors decidingutbthe
technological and the exploitation quality. The tbegerational
quality of the thread is received during the rgliprocess on
great lubrication conditiong(=0).

The simulation results for condition of lubricatioan be use of
while to designing the round thread rolling processking a
selection of the process condition and kind of lierication

factor in the aspect of the technological qualityhe thread.

The obtained results of the computer simulatiorthef cutting
process with a single abrasive grain with a geometf

26 =120° and cutting edgangle a = 45° coincide with the
results obtained by Kita and Ido [2]. The materil@shes
obtained before the grain cutting edge and its ehamilar to
the results of experiential investigations confirrthe
justifiability of the use of computer simulationsica their
reliability.

The distributions of stresses and strains obtafpediifferent
grain geometries and action angles, on particutases of the
deformation process, can be made use of while diesjg
machining: making a selection of the machining ¢tos and
its optimising in the aspect of the technologicablity of the
product.

The distributions of stresses and strains obtaifed
different grain geometries and action angles, ontiqudar
phases of the deformation process, can be madefushile
designing machining: making a selection of the nrdng
conditions and its optimising in the aspect of tdehnological
quality of the product.
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