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ABSTRACT
This work deals with the determination of contact stress distribution during symmetrical rolling
processes using the finite element method ( FEM).
The results give a clear idea for the type of distribution of the normal and shear stresses along the

arc of contact , for the rollers with a radial depth ratio (f) equal to ( 1,0.7, 0.4) .

A study ot the deformation induced in the region of maximum shear stress together with the
location of stress concentration and the maximum stress was achieved.
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6r.rsJl .ptirJl 4iJJb fhi:-,t{ 6.r_;tfl fui;rll qt-

Lti^tt
d-iJl OC.,si rlr.r- ,.,1,o ipti*: i.,31. ',a1 !-i kJ 4liJJl CJ;l^c' Ol;.-.^-i gs;3till,,*,-.,11 J
i-liJJl CLl^+ a.-lJl e-l' "'tl .Joii d cJr-Jll , i-:3.r.ll :l*eJI 1g;rrlJll tl!-,+11 u,.lJaJlr

i;i ,"rSlr aSlJl ola ,lj;;i *i ,-r" Jhc+ 1pIl , 1.I.l$ .Jyti -*-r , +Jl,o olri ;ots ,jLt CIJ
. i+trll ,J+-1.fr &

4-;JLJ d,-+L.J.--;) &Cl q4 ali;r.Jl irlJl ,#S+l<JJlr +;!iilt dlAJt cl. p<-,y3r..-;

. 4liJJl

.l-.rl+ll .,le diJJl
o\ r cli-i ,k -l:l+ erl-ei i;l;,- 4+;.l c.r .l.i . k Ii-,.1 p1-i5i , ili;r.Jl ;lul ;;l'p i-3 g3S3 L.::c

t < a.-;JiiJl iFtilt r,r^ .r_11+ll .,lc 4liJJl iH:-L+Jl dr +r,ll cj*,ts r!: Ul.,ll .,Jc e-l"lt+ ,.-; !I"*lt
cJr *i qs+ 6 4liJJl qli 4-,lJJ d,> Cl &FJl *i cx cl.: ll-5lll ,rb ( I ) ds^ilLd ey
qA gYl ,-i-p q-*l (sieuet ) e.,=hlt di riii ( Karmanl925 ) : ( si.Urt t924, t925 ) OB=t+ll

-: aeJEll crEl_.,piYl t.4;i r"tel ,r:Jl3 (Friction - Hill) dlls3-yl dE

6Jrn E .rlJl q3lj JF t+ S:q -i
dlls-Yl d J" L:.' ll Slj Ji'tt LJt ai .pi q=K= Constant -*,

J (O O*i',,oSJl g-rt J d"-Fs; C ort ;p ( SieUet ) ^i;;lt u,i: 4$l+l..5 ,"+ ..:l .riii ( Karman ) l-i

-: qJEJI lJ.rul r&l L! (S)

q-p-K

ritel $3 r c;!i-,1"11 C,1;16rlJl -,23y (-Di lif: (r) i-+'- 4:t+l "- d L..'I fs.lj }3.."t3 Ji.rl uJli,,

( tarman) : (O.owan )* r..tS l+Je &- ,Jl *lh d1' iJ,,li r.Jiii t ..' tt ,r-.Le i+ ( Seibel ) dt:;
. ( Z ) t't cJS..lt os g"-13 g LS , 4Ji_,prll l;L-l aIU:^ .i_r_rt r:t

. i.lrlJl-, :s&Jl 4pl++ll (orowan) 4iJJt ,r J.,i,i ( Bland & Ford) JE=l+ll elj r!_r

(1)

(2)
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( S: q ) , (I<= Constant ) ,# L-E;^ll: , o)-cl (SieUet ) tar,3'f oJ c.,L-l-;l!l u*ir rl-del 6.
, gU .J*t ill 1;:l-,r -n.:J ir*u .i t-*rb

r-Cos\ =+ r Cos\ =l r Sin 0:Q

t

a

s* ptH

.S- -Kh et'(Hl-H)
ht

kh .,
t-

h2

t ,* l.oS: .,r"L311 u3s cjrt & ,f.,rrll UHI-ill l"i.^5 6;j-1. ,rYrt - .5lo ),.--J

cht :ll alii3 e:-r-lt iJ"iti ct* -\
(3)

Llrl-tl al.ii3 .J3irll ilJn O*+ -Y

(4)

-: iJrlJl-, r-i.l+ jU (H) e+-

n-r$tan'rfff, (a)

-: iJrt--Jb r-i;,ru JlrL (H1)

Hr=2^tr
Vht

(b)

,Jt;lt & er>ll, .Jjsrll r:c :&;.uJl irill ,'lo^., O).i.n3 (h2) : (hl) d,r-

e!^.*ll 1.,,;*l-ill t-*y -/.s -;u.-: 1R'l

. .JtCt .,le ( ,i_nrJl: C:;r.='lt ,o3ttt" rrc A: c.orll u"Lill Li' a)5"i (S') : (S.)

Cl- "-l-Jl crj+.il 5g;+t J 4FUII ,1. t.i . Jrt ill il"i: $+"J CS+ (+), (l) ;r;:lrt ^tl g;rLn c.r_r

(Siebel &Lueg) Ot ''-t tt fE $ r J-.ll-rll .,le 4liljl +;l.t i cyLnll ].j* e-,r-rl U"Lliil d.,Y3Ul

a-liHt dJ'-.. alJl ,.J iig,ori",u,r .r-rll .t-1. ! ettS3 , gnLn3ll u*3s :ls.i ,Je li.-bll 6js cr!+

eL 6. c; Ji-'. c.rA: , g; J.5 "J" # i-ll:S ;tA & J^.- (rin) Jt".". dr 0-6} (Transducer)

,i, (rarm*) -r (sietet) dJ.- j-s 1#!r J.ar oJl l;fult qJLll +-1i Allx ,Je ).--3 , L!+iJJl

4-Jl-Ue il-i'Yl (r,rr.{:r. gtilsll g.-.r1-,1i!!l :ir cJ+:. ig-.tAali-pll 4=J-}iJl L-:d L:.'ll

. Li' ll .C irbi JJ ,rr3l r.J+-,,.11 Cl.-, fuJ.ir irl;-,, gl3 , g$..*Jt ,Jt i:!t
jDi cJ,"t.Sll L:.' ej-1, cpl;il a+k. +-lt+, ,15-L (al-Satatri , Firbank & Lancaster) O-i-t+tt aU,

1-!r :r-51 ,rjii +,:L! 6SJ3 ,(Siebel & .ueg I ) ta.'4i ,J qJtll udi e r-.1U1 ,Jc 4IiJJl iJ^e

.SJt! r L. i L"ar-i , dir,iJJl JJs- 6.. gJJ^L&, , 'l+..^i 
'o Ui.4 crLt3. t':r cf-rL.,. al''-",'"tr dl!r3

-l ,F,tan
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(S) F, ds-tjl d t.S u,,t,ill -ti-: Cijy i 4-$ dr. jrsl rr+r . nellli ; frL=)
crt :t;OU Oi d l-2Lii , a-i$Jt ;p +li;r!l LJJs a-JJr (Venter & Abd-rabbo) rJB.*Ul cs-r+ .16_r

crtr-^,u| -tl+L ,.j 14, '; ;!-il d-.-tjl I i ..i, r+- ,r-"rt gs 'ti.,t-, 
oAt+ll k- ' -r ,r:I

gLLUI gl.ra LJ3IJ3 $a dhl , crL:l_.pil c.l_lr ++ cJA ,j.ltr ,J r.-=ll .1. C6. e-1Jo3^Jl i+jJJE$ll
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di+ilJJl e+h*l
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Gj-tu
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uy J! 4#Jfr gsa +:i :,.,it s !;rr g-es;Y 1.xLill .r-rs J t r*.-" CG3l .rii (orowan ) dr-l+ll l.i
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gJlrl 
e iYl ,-rL-.=.J+! (nfU) i-rr.-ll ,.-ol-,'.ll 4lJt)o+.:*l 4lJtll alrriul i4-,lJJl o.ll osi

(Friction-Hill ) dlS-Yl r-F t..'tgr.-r.ll 
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(t) *t ds.ii c,s Lr*+^lt

\IY

e



@ irllaiall 4Ir. A ,rt dl f l.ull

J,-Ee 4l^r.:.i,,1 .o,+. FEM i-t-,l:+ LIJJI ,J-J (.1" ilrf-lt (o.i;* ) d-cii *e (S ) F, dis-ill

.sl li3 (Penta and Hexa Elements ) e-, g. rL.rYl qrDlSJl -.-lll .,,1S: ( FEM 3-D ) rt -il| 1$).3

(vl.tz ) eU-xtt+ tuln"Yl+

-t--Si rrc C 16 *.61 p r L:.'ll t;l.,,3 r6ti. i &h1.0--)l i*,1_;r i qltr ii. & J..--Jl ,J.!,
FL ds.iJl d er-r t-S liti^ll dll3 q/ ,js+ L &t O*5S; o *lnll Oi e+- (Fine Mesh ) xE Jl cl.

.(s)

i.i,ltnl_, dtsl
JtJli -it-...--:i 4&d rre ,Jp-l.ll it;.-ll {:l_!l_l cttariijl O# ail,.ll 0+i (6,2,s ) G-rll Jlsi,Yl

, . ,Jt-ilt .+ ( 0.5,0.3,0.t5 ) ttJ.li -iLdl+,J+l!-r (; = 1,0.7,0.4 )

,Je i--.:l: +I!r oJ"a t'$l_r Cl-Jl q's &LJt o:dril $"3 e# (i=, ) _,rU$Jl ag ilr.s os

fr-a-DlJl n "-i,ill o* + ifl,Jl o#J (9 ) .rstl . 4IiJJl iJ.' .,Je J-r; g.lt, ,Jp-l.X eL^.,:ll 6.,1olli

+ill ' i i ge -,[tlt ,ru.+ gitxll d$lJ"3.r,r- 5 .Jp_2rll q:lj_r (dimensionless deformation )

* t'i . L!+iJJl .,le.LL".Jl L:.' ll .:ri rre ,Jpl-N qr+ ) i.;-^iS (: ) cr+.-*uatr q3; u" (n ) t
. ,Jt.1lrlt .,le (10,11 ) fi dls.i.ll # ++ iJi;rJl i,JLe Dts. "l_ill rk-.Yl Ut .:r*u- aru i&-pll 

.1+

'st& ohla;Yl ejy ri .*, (0.5,0.3,0.15 ) -lU,li .it;L ciblAYl Dt-:. crlrk+Yl l-,1.p:r.r

re+-r g.rj,.c .e+ +'i .t*:l i dli JJ E-y'-, . &r-,,rll ett DtA 6-,lr e-lCl-r i.o;fl1 ,o!- ..yc

s(e =-t ), (;=0.55 )e-3r"il r-ic, (6=2.473x108 )clillr 11 e-ttdDtr
.(e =90' ),(;=0.8s ).i'(, =4.308x10')

rla;l g3lj.!to.: (trrta3or stress contour )g.J^rll rk-.Yl 19JL,3 d.tE^ a*JJJI o.1a .',-.'3 LoS

',.inll dtt! i*,lJJl drsri33.Jt;tt ,J' (12,13 ) ,F&ll $, a++^ll ( Strear Stress contour ) ."ill
. Ct;lt .Jt (r+, 1s,16) cJls.&!l .,s  +*Fll ( R:0.s,0.3 ,0.1s) Jttilt crtr L!*ilJJl ,.sp er-utt

_;.tL rjl
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