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Summary 

A novel simplified r hcorctical solution is found lor thc strcss starcs accompanying thc proccss of cxt ri~sion of ma![ i-laycr matcrials 
under rhc conditions af axial symmetry. Thc solution i~ bawd nn ~ h c  mndcl of  pcrfcct plastic material satisfying thc Trcsca yicld condition. 
thc Haar-Karman conditions bcing sntisficd in each layer. Thc laycrs arc chnnctcrizcd by difrercnt yicld limits and stmng plastic 
nonhomogeneity. In thc ncighhoi~rhoorl of thc interfaces conrinuous variation of rhc yicld limit i s  a~sunicd. Zhc form of thc plastic zonc nnd 
psitions or the contact surfi~ccs separating rhc laycrs nrc assumcd. Shcaring strcsscs and mcan prcssurc in a longitudinal scclion o f  t hc 
cxrruded rod arc cxprcsscd in tcrms o f  filnctions o f  the axial coordinatc z. Unknown fttnctions of thc singlc coordinatc z arc dctcrmincd 
From thc yicld conditions writtcn for thc contour of thc die. Accitratc analytical relations arc dcrivcd For tllc normal strcss distribution at 
thc surface o f  contact bctwccn thc dic and thc matcrial cxlrudcd, Using thc known normal and shcar stress dislrihutions (due to Iriclion), 
accuratc valuc of thc lower cstimate of thc cxtrusion forcc is dctcrrnincd. Thc sotution may hc applicd lo ~ h c  cascs of arbitrary numhcr of 
laycrs and arbitrary h r m  oithc dic. I t  may bc used to a rational analysis o f  ~ h c  proccss of  cxirnsiol~ o f  multi-lnycr cylindrical rods. 

Rty womb: cxtrusion proccss. strong p las~ ic  nonhornogcncity 

1. Introduction 

Onc of imporlant manufacturing technology processes is 
rnulrilaycr clernenrs exrrusion - schcmalicall y presented in Fig. 
1, the lack of thcorics regarding this proccss. thcorics taking 
matcrials hctcrogncity and frac~ion cocilicicnt variability inla 
cr~nsidcnrion tcmptcd us to approach thc probIcm. 

Thc existing theories havc conccrnctl rothcr homogcncor~s 
matcrials' cxtrusion and thc chnractcrislics of s~tch pmccsscs 
onc may find. among othcrs, in [ 141. 

In this work wc anal ysc thc cxtnision proccrs o f  muliilnycr 
cylindrical bar and try to dctcrminc cxzrusion forccs using 
thc cxisting incthods [X+I I] .  Our objccrivc is to scnrch For 28 

ncw, morc sdvnnccri thcorctical solulions. 
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Wc have adoptcd a rnodcl of idcal plastic body wirh 
Treska's plasticity condilion to look for the answer to thc 
problem of axial - symmetrical forward extrusion of multilayer 
cylindricat bar through a dic with a conical hole, algorithms 
taken from [ I  I, 121 and presenting thc rcsults of numerical 
calculations in graphic form. 

2. Fundamental assumptions and 
relations 

In the rcalization of undcrtakcn objcctivc wc adoptcd the 
fallowing assumptions: 

- cvcry dcforrncd layer has properties of an idcal rigid - 
plastic body of k plasticity limit, and thc material is non - 
comprcssiblc, 

- there is a continuous change of plasticity limit in thc 
contact arca, 

- mot ion trajectories of particles in cach Iayer correspond to 
plastic flow describcd by the flow output function /21: 

and its value along i-th current linc is constant (Fig. 2) and 
equal to: 

- a radius R1. R1...R;, RII and thc following equation 
determine the position of every point in any layer in the 
area OART: (Fie 1 ) 

Fig. I .  Notation of cylinder's layers taken for consideration. 

r r" (r, 2) = - 
R, ( t )  

- tt-ajcctoties dctcrmincd by thc formula (2.3) and rhc 
function O\omply wirh thc hypo~hcsis or flat cross 
scctions A-A (Pig. 1 )  at motion. 

Ncvcrthclcss, Ihc nbovc assumptions arc controvcrsia!, for 
thc cxperimcnts dcscribcd in [5 ,  121 show a compIcx motion of 
layers depending, among others, on Rllhl, R.JRI, . . . kl/k3. )c?/fr3 
relations and thc reduction g r d e  (Fig. 2). 

I t  has hccn also assumcd that friction strcss T,,(z) on slirfilcc O F  
material contact with a dic is 12 11: 

rvherc: friction coeficicnt p has  thc value: 0 5 p < = I ,  and 
practically, wilh lubrication. [caches 0.3. 

We based rhc proposed mcthod of strcsscs and cxtnlsion 
forcc caIculalion on Trcska's plasticity condition and IIaar- 
Karrnan assumptions. With componcnrs of strcss tensor bcing 
dctcrmincd from thcsc conditions on contour linc 
r = Rb (Z  . Morcovcr, wc assumcd thc following: I r, = l  
- plasricity limit k = k (r, z) in thc AOBC zrca, 
- Rb (2) = r0 + mz, wlierc: rn = tg u (Fig. 2). 

Thus, in considcrcd quasi-static prohlcm and plastic 
rnatcrial without hardening thc cquilibriurn woutd havc the 
form: 

and after inscning 5, , D1), 0, . T, into ~ h c  cqualion (2.9) in 

place of main components of strcsscs' onc obtains: 

Thus we finally obtzincd foi~r cquations (2.6~2.9) with four 
unknowns. Boundary conditions. apart horn thc relation (2.5). 
now cxpresscd as: 
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