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SINIULATION OF THE PLASTIC FIELD IN THE
DEFORMATION ZONE OF SURFACE ROLLING TOOLS
UNDER VARIABLE WORK HARDENING CONDITIONS

Md. Nurul Absar Cltov,tllrur\,*& Md. Attuvet Ullalt Patv'ori*

A  B S T R A  C T :
Longevity of the nruchine or machine parts depends on the quality o.f
surface layer fonned during mechanical workittg, on the otlter hand tlrc
quality of the surfoce layer depends on the nrcchanisnrs oJ'Jbrnrution o.l'
sttrfuce layer. In order to control the quality of tlrc surface layer it is
necderl to study the fornrution of surface layer durittg tlte ntccltuniceil
working process. The stresses devektped during the work hardenittg hy
surface rolling could be studied by slipJine theory or by finite element
metlrcd. Tlis project entploys tlrc slip-line theory in understanding the

forntatiort of surfuce layer.
Developntent of computer teclurclogy ancl its applicutiort irt

modelling processes avoids costly experimettal nrcthods and extensive
calculation. In this work, on the basis of theoretical ntodel, contputer
progranming lms been developed for tlte sinrulation o,f the plastic field
in the deforntation zone. Profile of defornrutiort zone lns been taken as
irtltut of tlrc progrant. Sinrulatiorts were done for dffirent pro.files. The
results were con pared with the experimental data. Comparisort shows
that the proposed silnulatiort metltod can be used Jbr urulysing the
plastic field with suJJicient accuracy. Developed contltuter software
could be used in order to accelerate the procedure Jbr stress utrulysis.

Keywords: Sutface Rollirry, Surfuce laver, slip-lirte , work hurclertin,g, rtott
work-lnrdatirry, hcart of defonrntion zotte.

l . INTRODUCTION:
Longevity of the machine plays an important role in thc industrial
production. It ensures the uninterrupted production line. This lon-eevity of
the machine mainly depends upon the exploiting properties of the machine
parts, which in term depends upon the quality of the surface layer. which
is gradually formed during the finishing stage of mechanical rvorking. So
most of the modern research works t l -111 in this f ie ld are aimed at
finding out the relationship between the exploiting properties of machine
parts and the technological condition of the manuf'acturing methods. But
as the exploiting properties of the machine-parts also depend upon the
exploiting condition, it is difticult to find out the general relationship.
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Surface roughness, micro hardness and residual stresses in the
surface are considered to be the most important parameters of the
sur face  layer  in  n rodern  techn iques  [ l2 -15 ] .  Numerous  exper i rnenta l
works shows that cold surface rol l ing is one of the most effect ive
methods of mechanical  working whicl i ,  forms ncgat ive
(compress ive)  res idua l  s t ress  in  the  sur face  layer  in  combina t ion
with work hardening and smoothness thus increasin-e thc eff ic iency
of  the  mach ine  par t .  A l l  th is  works  f l6 - l9 l  a re  based on  exper iments
to l ind ernpir ical  relat ionship between technological  parameters and
qua l i t y  o f  the  sur face  Iayer  w i thout  p roper  s tudy  o f  t l re  mechan isms
of formation of the surface layer.  I t  makes di f f icul t  to ensure the
necessary qual i ty in the surface layer by technolo-sical  methods. As
a resu l t ,  a t  p resent  there  is  no  un iversa l  quant i ta t i ve  re la t ionsh ip
between the parameters of residual stress curve and tecl inological
fac to rs .  There  is  no  c lear  concept ion  about  t l te  s lump o f  the  curve  i r t
the  sur face  layer .  For  th is ,  i t  i s  most  impor tan t  f -o r  mach ine  bu i ld ing
to work out the theoret ical  model of  formation of residual stress for
cold surface rol l ing and methods for calculat ion of residual stress
curve  in  the  des ign ing  per iod  o f  techno log ica l  p rocess .

One of the techniques which could be adoptecl  for t l re
understanding of creat ion of residual stresses dr.rr ing the fbn.nat ior.r
of  surface layer by surface rol l ing is to study thc plast ic l ' ie ld in the
deformat ion  zone dur ing  load ing  and e las t i c  f ie ld  dur ing  un load ing .
In this paper,  we tr ied to study the formation of plast ic f ie lc l  c lur ing
load in -e .  The method used here  is  the  cons t ruc t io t t  o f  s l ip  l ine  f ie lds
and app ly ing  the  h is to ry  o f  load ing  and un load ing  fo r  ca lcu la t ing  the
stresses in the deformation zone. Considerin-e the di f ferent boundary
cond i t ions ,  s l ip  l ine  f ie lds  can be  cons t ruc ted  and the  res ic lua l  s t ress
wi th in  the  mater ia l  cou ld  be  ca lcu la ted  on  the  bas is  o f  var ia t ion  o f
mechanical  propert ies of mater ial  in the deforrnat ion zone.

Deve lopment  o f  computer  techno logy  and i t s  app l i ca t ious  i t r
model l ing processes al lows us to consider the rncchanical  propc-rt ics
var ia t ion  w i th  de format ion  zone and avo ids  cos t ly  exper imenta l
methods  and ex tens ive  ca lcu la t ions .  On the  bas is  o l  theore t ica l
models,  computer programmes have been developed for the
s imu la t ion  o f  the  s l ip  l ines  in  the  de format ion  zone w i th  var iab le
parameters.In this project,  we have emphasized into t l re performance
of the surface-rol l ing tool  and tr ied to bui ld simulat ion software on
the basis of theoret ical  equat ions and the empir ical  formulas.

Sl ip l ine method as the fundamental  method for engineering
theory of work hardening methods in Manulactur ing: Most of
the  mathemat ica l  mode ls  o f  theory  o f  p las t i c i t y  have the  common
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basis that they consists of solut ion of di f ferent ial  equat ions of
equi l ibr ium and the condit ions of plast ic i ty taking at a t ime. For this
purposes, it is required to ideal the mechanical properties and to use
their  s impl i f ied models.

Different types of sirnplification of problems 120-271 of plasticity are
known now a day. It depends upon the concrete method of operation and
possibility of solution of the assigned problems. One of the common
approaches is to consider the rnodel of plane deformation. Research works
of Smiliansku V.M [28] shows that in the deformation zone during the
surface rolling a small zone near to the contact area have plane strain
conditions. In this article, plane strain deformation model was considered
to study the stress-strain condition in the elastic-plastic deformation zone
named as Heart of Deformation (HOD). The stress in the can be fbund by
solving the systems of equations [29].

(o., - o., )2 + 4T.,:,2 - 4k2 (x, y)

d=o'-*tl ' ,  =o 9*'1., '  =o -----------(r)
dx Dy dy 0x

Where; o -

c . ,=o-ks in20

6r=o+ks in20

T r ,  = kcos20

-----------( ' )  \\ -  '

hydrostatic pressure (normal stress)
0 -  angle between a l ines and the x-axes
k - y ield shear stress

Figure I  :  Stress components on an element in sl ip- l ine f ie ld.
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By replacing the above value the fol lowing sets of two quasi- l inear
di f ferent ial  equat ions wi l l  be found as fol lows:
do _^  a0  ^^a0  _^  ak
^  -2kcos20 . - -2 ts in2e  ^  =s in lB- -
d,r dx d-v d.v

9 - 2k sin 20.!- 2k cos 2e y = - 
"orzo!0.v ?;u 0y 0x

This system equat ion is of hyperbol ic type
coincide with sl ip- l ines a and B.

Along the a - l ine and /  - l ine we have

do -2kct0 =j 'a, -00 a,
0x"  0y

coszo$
dy

-sin2o!L
Dl

I

1,,,

cly _
dx

dy_

dx

tan0

-cot0 af t^  ak^- _ d v  +  _ d x
dx"  dy

and i ts character ist ics

respect ively:

(a long a  - l ine)

(along /  - l ine)do + 2kd0 =

----  (4)
This equat ion can be considered as the modif icat ion of Henky's
equat ions for the deformation zone with var iable mechanical
propert ies i .e.  with var iable work hardening condit ions. Structure of
the equat ions in no way related with the prof i le of thc HOD. But i t  is
clear from the equat ions that the a - l ine and l l  - l ine are
perpendicular to each other and have the law of changes of
hydrostat ic pressure along the l ines. This equat ion explains how
hydrostat ic pressure (o) and the angle of s l ip l ine (0,)  changes along
the  s l ip  l ines .
2. Construction of Slip-lines:
For  the  eas iness  t0  c0ns t ruc t  the  s l ip  l ines  the  H0D is  d iv ided in to  d i f fe ren t
s u b s i d i a r y  d o m a i n s  A D E .  A B F ,  F G S ,  E H T ,  A B C D ,  C Q U R .  F B C Q C F .
E D C R H E  s h o w n  i n  F i g u r e : 2 .  T o  d r a w  t h e  s l i p  l i n e s  i n  t h e  d e f o r m a t i o n
zone and to  ana lys is  the  s t ress-s t ra in  cond i t ion  in  the  zone i t  i s  requ i red  to
s o l v e  t h e  f o l l o w i n s  t h r e e  o r o b l e m s  i n  t h e  d i f f e r e n t  r e s i o n  o f  t h e  H 0 D .

Figure-2: Slip-line field for varic
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The three problems are as follows:

o Hertz problem or l" boundary problems in the region
under the two intersect ing sl ip l ines in ABCD and
CQUR.

r Modif ied I ' t  boundary problem in the region FBCQGF
and EDCRHE.

o Problem of koshi or 2"o boundary problems in the region
ADE, ABF, FGS and EHT.

3, Numerical solution of the First boundarv value oroblem in the
form of finite differences:
Due to complexi ty of the equat ion (4) these problems are in
general ly solved by numerical  methods. This method varies with the
technologies methods as the boundary condit ion changes.

I f  the posit ions of two intersect ions sl ip l ines AB and AC are given
(Figure3).  They may be considered as the boundary of a previously
calculated sl ip l ine f ie ld in some area to the lef t  of  AB l ine and r ight
to AC l ine. I t  is required to construct the sl ip l ine f ie ld to the r ight
AB and AC, assuming the region to be plast ic.

F i g u r e 3 :  S l i p  l i n e  f i e l d s  f o r  f i r s t  b o u n d a r y  v a l u e  p r o b l e m  ( R e g u l a r  D o m a i n )
It is known from the theory of plasticity that if the value of o

and 0 are given one these l ines the f ie ld is uniquely determined
within the curvilinear rectangular ABDC formed by the given slip
l ines AB and AC. Let AB be a a- l ine and AC a B-l ine. A typical
nodal point ( i j )  within the f ie ld is the intersect ion of the sl ip l ines
through the base points ( i ,0) and (0, j ) .  Since the value of 0 is known
at al l  points on AB and AC, the hydrostat ic pressures o and 0 at any
nodal point (i,j) are then obtained by writing the Henky relations in
finite difference form.
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[For Non-hardening condit ions]

o ( i ,  j ) =o ( i , / - 1 )+  o ( i - 1 ,  j ) - o ( i - 1 ,  j - l )

eG ,  j ) =0 ( i ,  j - l ) +0 ( i - 1 ,  j )  - 0 ( i - 1 ,  j - 1 )

For hardening conditions the equation will be modified as fbllows:

o( i ,  j )  = o( i  -1,  j ) lk( i  -  1,  j )  + k( i ,  j ) l {e( i ,  j )  -  0( i  -  I ,  j ) }  -  An

0(i ,  j )  =

Where,

[ {o( i , " r  -1)  -o( i  -1 ,  j ) }  +  {0( i ,  j  - I ) { (k( i ,7  +1)  + k( i ,  i l I l
+  {0( t  -  1 ,  j ) {  lk ( i  -L  j )  +  k( i , j )  }  }  +  Ao + AB

l{k(i, j  -r) + zk(i, j) + k(i - I, j) } l

ak  _ (  k (x+  Lx ,y ) -k (x -Ar ,y )
a" -l ,^" ,l
ak _( k(x, y + Ay) - k(x,y - Ay )
ay-t ,Ly )

---------------(6)

The coordinate point for both the cases wi l l  be calculated as fbl lows:

;r( i ,  j )  =,r( i  -  l ,  /  -  1) + [{  (x( j ,  j  -  1) -  x( i  -  1,  t )}  cos{0(( j ,  /  -  l )  + 0( i  -  I ,  j )11

+ t { (y ( t ,  j  - l )  -  } ( ,  -1 ,  r ) }s in {9( ( t ,  /  - l )  +0( ,  -1 ,  j ) } l
------(1)

y( i ,  l )  = .y( i  -  1,  J -  l )  + [{(y( i ,  j  -  l )  -  }( i  -  l ,  j ) }  cos{0(( i ,  /  -  l )  + 0(,  -  I ,  j )  } ]
+ [{(x(t ,  j  - r)  -  x( i  -r , j ) }s in{9(( i ,  /  -  1) + 0( i  -1,  j ) l l

Solution of the modified l" boundary problems in the finite
difference forms.

If the radius of curvature of one of the given slip lines, say AC,
is al lowed to vanish, whi le the change in angle between A and C is
held constant (Figure 4), we obtain a centred fan ABD defined by
slip line AB and the angular difference at A. All a-line pass through
A, which is a singular i ty of stress since the hydrostat ic pressure at
this point has different value for each slip line and thc a-lines have
the same radius of curvature at A, where p- l ine is of zero radius.
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The values of o
before, with p( i-1
a t  A .

and 0 at a typical  nodal point
j )  and q( i-1j)  referr ing to the

(i,j) are found as
appropriate u- l ines

F i g u r e  4 : S l i p  l i n e  f i e l d s  f o r f i r s t b o u n d a r y  v a l u e  p r o b l e m  ( l v l o d i f i e d  d o m a i n )

4. Solut ion of the Second boundarv value problem in the form of
finite differences.

Figure 5 : Slip line fields for second boundary vaiue problem

Consider the si tuat ion where the normal and tangent ial  stresses
are prescr ibed along a given curve AC and i t  is required to construct
the sl ip l ine f ie ld below AC on the assumption that the mater ial  is
plast ic.  In this case the f ie ld is uniquely def ined within the
curvi l inear tr iangle ABC bounded by the sl ip l ines through A and C
(Figure1).  At each point on AC, the normal stress componelt t  act ing
paral lel  to the boundary can have two di f ferent values sat isfying the
yield cr i ter ion. Physical  considerat ions wi l l  indicate the correct
value of the stress, and hence specify the values p and q along the
boundary. I t  is not general ly possible to chose and equiangular net
unless AC is a contour of constant p or of constant q. The fbrmer
occurs when the boundary is acted upon by a uniform normal
stresses and zero tangent ial  stresses. The lat ter occurs whetr a
constant fr ict ional stress acts along the boundary with an arbi trary
distr ibut ion of normal stress.
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Let the given AC be divided into an arbi trary number of smal l
segments  by  the  po in ts  (1 ,1 ) ,  (2 ,2 ) ,  (3 ,3 ) ,  e tc .  A  typ ica l  noda l  po in t
( i , j )  in the f ie ld is def ined by the intersect ion of the sl ip l ines
passing through ( i , i )  and ( i , j )  on the boundary. Assuming AB to be
a u- l ine, by considering the Henky's equat ion in the form of f in i te
differences we have:

IFor Non-hardening condit ions]

o(i ,  i )  -  o( i , i )  =2kleU, i)  -  0( i ,  i ) l
- - - - - - - - - - - - - - - (8 )

o (i, j) - o (i, i) = 2kl0 (i, j) - e U, i)l

For hardening condit ions the equat ion wi l l  be modif ied as fol lows:

o( i ,  j )=o ( i -  I ,  j )+ { t ( i - 1 , " r )+  k ( i ,  j ) l l 0 ( i ,  j ) - eQ- \ . i ) l + t f t

------(e)

0(i, i) =

Where,

U0( i ,  j  - I ) -0 ( i  - 1 ,  j ) )+ {0 ( i ,  j - lXk ( t , . 1+ l )+e ( t ,  j ) } }

+ {0(i - 1, j){{k(r - 1, "r) + k(i ,  j)}} + ya - hb

t {k( t ,  j  - r )+Zk( i ,  j )+k( i  -1 ,  j ) } l

r  kar )
l i l ) = - l l  -  |

2 [ 0x J,-,.;
.[*) ],,,,' r)-r'(,-'';'-][$),,, .[#,J,,],,,,,,- . r ( i  -  l . . i ) l

'=  ; [ [*) , ,  , . [*) , , ] 'v( i ,  
, ) -  v( ' , , ' - , r r . i [$) , ,  

, . [* , ) , , ] { r ( i . i ) -  
r ( i ,  i  - , ) }

The new coordinate point for both the second boundary cases will be
calculated as follows:

x(i, i) =
y ( i - 1 , , r ) - y ( t ,  j + l ) +  x ( i ,  j +  l ) t a n 0 ( i ,  j + l ) +  x ( i ,  j +  l ) c o t 0 ( i  - 1 , 7 )

tan 0( i ,7  + l )  + cot9( i  -1,  j )

y( i ,  j )  = y( i , j  + 1) + [ { (x( i ,  j )  + x( i , j  + 1) tanr( , ;  ; l ] - - - - - - -  
(10)

5. Mathematical Modelling:
For creating the theoretical model of the above problems numerical
methods were employed due to the complexicity of the equations. For that
purposes a computer simulation software is proposed. This sofiware
enables us to simulate the plastic field in the HOD taking its profile as
input as shown in Figure 6.
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For calculating different elements of the profile following inputs and
related formulas are used:

Input data:
R ) Radius of the Ball
d ) Length of the leading side contact.
dl) Length of the trailing side contact.
L ) distance from the center of the ball to the point on the surface of

the material where there is no influence of surface rolling.
maximum depth measured from the unattected surface of the
material on the leading side.
maximum depth measure from the contact of material with the ball
on the trailing side.

Related data:

hp =R - 
Jot 

- d' ) maximum depth measure from the contact of

material with the ball on the leading side.

2b ) projected width of contact the ball makes with the material.
2a ) projected length of contact the ball makes with the material.

h g )

A )

= 
'. 

- --l.42ab ) depth of hardening (empirical fbrmula).
2xv ie ld

r  /  b ) "
Where ,  z=7-= l  1 - -  r

2 l  a )
P =-5.I4*kmax ) Hydrostatic pressure.
kmax ) shear strength of the material.

- , (R-A)
0z = coS-'l-  

lR )
trailing side with the ball at the center of the ball.

, (n  -4"  )
0r = coS-'l --+ l) angle subtended by contact of material on the

tR)
leading side with the ball at the center of the ball.

If y<hr then, k(x,y)= ko.,

If x<0, k(x,y)=16(y;

If ycl-(y), k(x,y)- k..*

-Cdut,n[ '"' I
( L $ ) JForothercases, k(x,y) = k orig + (k(y) -korgp

k(y) = k -orig + (/< max- korg)e-c(tettaxchi'1
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ltu,s ) original shear stress (before hardening)
,- '

kmax = 4n x dlxK 
-ortg 

) maximum shear stress (after hnrdenins)
R

Cdelta = rn.@-
\hr

h . , - L -h .
UV=- - - f - j x *L , - l t ,

- y + delta
chi =

hb= hp-hg

hr

Figure  6 :  Format ion  o f  sur face  layer  dur ing  work  harden ing  by  sur face  ro l l ing

6. Simulation software:
Flow chart of the software is shown in Figure:8. The software consists of
the following modules:

Module No: 01 Calculation of initial boundary values: Calculation of the
coordinates of the characteristics points, the hydrostatic pressure and the
direction of the slip line at that point. For the benefits of easy calculation
boundary profile of the HOD always divided into several points. These
points are indexed shown in FigureT:

< BoA < Boc 
\- t  soc

d 0 . =  
- - " ' -  

d 0 , - - ! " " -  d 0 \ - J -  d q t =
l lz nt l l .r

Where nl,n3 are the number of divisions in the
are the number of divisions in the leadins side.
following Figure-7

E-< BOA ---(  i l  )

Figure 7: Index ofchanging points
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Each point are indexed by two numbers. First number is the index of the s
line and second number is the index of B line. Coordinate of the points
(leading side) are calculated by the formula:

x( i ,  j )  =Rsinl( i  -h)d9t)

y( i ,  j )  = -R + Rcos[( i  -  4)d0t l
o( i ,  i )  = k( i ,  i )

rT
eU,  j )= - ;+ ( i  -  k )de ,

- - - - - - - - - - - - - - (  |  )  \
\ 1 - /

Coordinate of the points (trailing side) are calculated y the formula:
x( i ,  i )  = Rsin[( i  -  h)d]r ]
y( i ,  j )  = -R + R cos[( l  -  k.)dg zl
o(i, i) = k(i, i)

e(i ,  j )= -+ + ( i  -  k)d0"
A 'n

_______________/ I ?\
\ I J l

In the point A, eQ, j) =0 oooo + (/ - kqde3

o ( i ' i ) =6k ' t k+g - i - ko '
l lt

In the point C, e(i,  j)  =0 or*, + ( j  - k2)d04

o ( i ' i ) =ok2k2Q+ t - J ' 1
llz

Where, kl= n|+ n3 + 2, k2= (2nl + 1) + ,?3
k3=2nT+ n2+  n3  k4=2(k3  +  1 )  +  n3
k5=k2- I  k6=k3+I

M  o d u l e  N o : 0 2 ( A B G F - t r a i l i n g  s i d e :  r e f e r r e d  t o  F i g u r e : 3 ) :  C a l c u l a t e  t h e
v a l u e  o f  o a n d  0  o f n o d a l  p o i n t  b y  u s i n g  t h e  f o r m u l a  ( 6 ) , ( 7 ) ,  ( 9 )  &  ( 1 0 ) .
For  the  po in t  jus t  be low the  t ra i l ing  s ide  fo rmula  fo r  second boundary
prob lem is  used.  For  o ther  po in ts  f i rs t  boundary  p rob lem fo rmulas  are  used.

M  o d u l e  N o : 0 3 ( A D H E  :  l e a d i n g  s i d e :  r e f e r r e d  t o  F i g u r e : 3 ) :  C a l c u l a t e  t h e
value of p and g of nodal point by using the formula (6),  (7),  (9) & (10).
For  the  po in t  jus t  be low the  lead ing  s ide  fo rmula  fo r  second boundary
prob lem is  used.  For  o ther  po in ts  f i rs t  boundary  p rob lem fo rmulas 'a re  used.

Module No:04(ABGQURHD: referred to Figure:3): For the point just
below the leading and trailing side formulas for first boundary problem
are used.
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Module No:OS(FGS : referred tc Figure:3): Zone adjacent to the free
surface at the trailing side. For the point just below the fiee zone
formula for second boundary problem is used. For other points first
boundary problem formulas are used.

Module No:06(EHT: referred to Figure:3): Zone adjacent to the fiee
surface at the leading side. For the point just below the free zone
formula for second boundary problem is used. For other points f i rst
boundary problem formulas are used.

Programme Code: The programming software used for the coding of the
simulation programme was Turbo C++. The codes were written for both
Non-hardening and work hardening simulations into separate files; this
was due to the lack memory handling capacity in Turbo C++. The codes
of the simulation programme for work hardening and Non-hardening are
investigated. The various parameters of all the nodes are tabulated in a
text file.

7. Simulat ion of the plast ic f ie ld:

For the simulat ion the fol lowing sample data tabulated in Table: I
are used in the simulat ion software as input data for both non-
hardening and work hardening condit ion during surface rol l ing.

Radius of the bal l  diameter:  4mm

Table 1: Sample data used for the simulation
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Tests P
(N/mmz)

d
(mm)

d l
(mm)

Delta
(mm)

L(mm) hr,(m
m)

250 0.325 0.206 0.007 t.299 0.0085

2 500 0.450 0.260 0 .014 1 .659 0 .0175

3 1000 0.625 0.345 0.026 2.t23 0.0366

4 1600 0.800 0.4r9 0.041 2.5546 0.064

5 1 800 0 .850 0.440 0.046 2 .673 0 .0738
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Figure 8: Summarized programme flowchart
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(b )

Figure 9: Simulationfor Test 1. (a) Nort hardening' (b) Work Harclening

(b)

Figure l0: Simulat iott . forTest 2'  (a) Nott hardening. (b) Work Hardening
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(b)

Figure I L
(b) Work Hunlert ingSinutlat iort for Test 3. (a) Non hardert ir tg

(a)

(b )

Figure l2: Simulat iott . for Test 4'  (a) Non hcLrulening' (b) Wttrk Hurdert i t tg
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(b)

Figure I3: Sintulat ionfor Test 5. (t t)  Non hardening. (b) Work Hardenin,g

8. Verification and validation of the software:

Veri f icat ion and val idat ion (V&V) of the computat ional s imulat ions
are the pr imary methods for bui lding and quant i fy ing the
conf idence. For this purposes, di f ferent theoret ical  and experimental
studies are performed. Guidel ines proposed in [30] are fol lowed.

To verify the stability of the solution theoretical experiment rvas
done for di f ferent condit ions changing the dimensions, forms of the
prof i le and distr ibut ion of k-values. These experiments shorv that the
calculated results are stable and changes as theory predicts as shor.vn
in  F ig :09-13.  The inputs  fo r  the  s imu la t ions  are  tabu la ted  in  Tab le :1 .

For the val idat ion purposes, experimental  data avai lable in [31] is
compared with the simulated results as shown in Fig: l4-17. The
comparison shows that the calculated results are in good agreement
with the experimental  results with suff ic ient accuracy.
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Fig :  l4 :  D is t r ibu t ion  o f  p las t i c  s t resses

(oxy along the Heart of Deformation.
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Ku ry

Fig :  l5 :  D is t r ibu t io r t  o [ '  p las t i c  s t resses

(oy) along the Heart of deforrnation.
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F i g : 1 6 :  D i s t r i b u t i o n  o f  p l a s t i c  s t r e s s e s  F i g : 1 7 :  D i s t r i b u t i o n  o f  p l a s t i c  s t f e s s e s  i n

( o z )  a l o n g  t h e  H e a r t  o f  D e f o r m a t i o n .  ( t , r )  a l o n g  t h e  H e a t t  o f  D e f o r m a t i o n .

9. CONCLUSIONS:

A theoret ical  model for the simulat ion of plast ic f ie ld using sl ip- l ine
method was proposed. Computer software on this theoretical model
was prepared. This model can be used both for non-hardening and
work hardening method. Theoretical experiments show that this
model give a stable results and coincides with the theoret ical
predict ions. Comparison with experimental  data shows that the
theoret ical  results are val id for the al lowable technological
parameters. This software will create a good opportunity for the
predict ion of the propert ies of the surface layer during design stage.
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