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ABSTRACT

In this study finite element analyses of rod extrusion process are carried
out considering various processing parameters. The objective is to study
the effect of these parameters on mechanical performance. Seventy seven
cases are simulated and corresponding stress; plastic strain and load
distribution are critically examined. Based on these results, salient
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conclusions are drawn which will help select parameters for quality and

economical extrusions.

INTRODUCTION

Extrusonisanimportant meta forming operation.
It isamanufacturing process used to create long ob-
jectsof afixed cross sectiona profile. Theextrusion
processis based on the plastic deformation of amate-
rial dueto compressive and shearsforcesonly. Basi-
cdly, thisprocedureisbased on thereducing and shap-
ing the cross section of pieceof metal squeezing the
material through anorificeor adie(Figurel). Typicaly
the blocks of metal used for this procedure are long
draight partswith circular crosssections. Extruded parts
usually have aconstant cross-section along its span.
Thistypeof processworksinexpensvely whenitisused
to produce partsthat comeinlarge quantities. Another
reason that makesthis processefficient isitsflexibility.
Thatis, if apart withadifferent cross sectionisneeded
itisnot necessary to get another machineto produceit;
it would only requireto changethetypeof die. There-
fore, extrusionisrecommended for theproduction of a
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vast selection of sections. Some of the prominent re-

searcheson extrusion aregiven below :

"'

Cylinder

J

Extruded
metal

Plunger

Heated metal billet
Figurel: Schematic of extrusion.

Kang et d.[" analyzed threedimensiona hot extru-
sion processesthrough landless square die considering
as a non steady state problem. To overcome severe
mesh distortion problem, an automatic remeshing tech-
niquewas proposed by employing amodular concep-
tual mesh structure. Reddy et al.* carried out acom-
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prehens veinvestigation of an axisymetric steady state
tubeextrus onthrough astreamlined dieusing FEM and
studied theinfluence of processvariableontool design
andfind product quality for astrain hardening materid.
Joun and Hwang® attempted shape optimal design of
tube extrusion using sensitivity andrigid visco-plastic
finiteelement gpproach. Huret d . carried out anandy-
gsfor thedimensiond accuracy of thecold forged prod-
uctsthat was strongly dependent ontheelastic charac-
teristicsof thedie. Thereforeadesign method that made
the elastic deformation of the prestressed dieas small
aspossiblewas proposed for precision cold forging.
Gouveiaet d. carried out thefiniteelement modeling
of cold formed extrusion using an updated Lagrangian
finitedement formulation. Kim, Kang and King® opti-
mized dieprofileof axisymmetricextrusonof MMCs
using FEM inorder to obtainuniform strainrate profile.
Cosenzaet a.@ carried out the damage and fracture
study of cold extrusondiesconsideringafew different
diereduction zonegeometries. Penget d .2 carried out
thefiniteelement analysisof springback and secondary
yielding effect during forward extrusion. Theresponse
of work materia during forward extrus on and the sub-
sequent unloading processwasandyzed withaview of
examining difficultiesin prediction of component form
errors, when different consecutive modelswere used.
Pondagusamy et. d .9 attempted to design streamlined
diesusing Bezier curveand upperbound theorem. Lee,
Ko and Kim™ optimized thedie profileusing Bezier
curveto get uniform microstructurein hot extrusion.
Bhavin Mehtd and Narayanasamy et a .[*% used neu-
ral networksand genetic dgorithmsrespectively for die
profiledesign.

Inthisstudy effect of materia, geometry and fric-
tiona parameterson extrusion processare studied us-
ing s mulationtechniques. Resultsarecriticaly exam-
ined intermsof stress, strain and extrusion load.

GEOMETRICAL,MATERIAL &
FRICTIONAL PARAMETERS

In Figure 1 aschematic rod extrusion processis
shown. Following geometrical, material and frictiona
parameters are considered in the study -

Geometrical parameters
(i). Billetdiameter=80mm

Woateriolsy Science  mmm——

(ii). Billetlength=60mm

(iii). Extruded rod diameter =40 mm

(iv). Half dieangle=30°, 45°and 60°
Inthisway, extrusion ratio comes out to be 4.

Material properties

Billet ismodeled asrigid plastic material. Power
law equation hasbeen used for themodeing the stress
strain behavior®®:
oc=Kg"

Wherenisgtrain hardening exponent and K isstrength
coefficient.

Following values of material parametersare ac-
counted-

(). Young’s Modulus = 78000 MPa

(i1). Poison’sratio=0.33

(iii). Strength coefficient (K) =500, 600 and 700 MPa
(iv). Strain hardening exponentn=0.1,0.15and 0.2
Friction

Coulomb friction criteriahas been takeninto the
account for contact modeling between different bod-

ies. Threevduesof Coulombfriction coefficientviz0.1,
0.15 and 0.2 aretaken into consideration.

FE MODELINGAND BOUNDARY
CONDITIONS

Finite Element Modeling of therod extrusion pro-
cessiscarried out using M SC. Superform software
(Ref.15). Dieand punch aremodeled asrigid and bil-
let ismodel ed as deformabl e bodies. Axisymmetric
finite element modeling is carried out using 4 nodes
quedrilateral elementsd. A typica FE model isshown
inFigure 2. There are 600 el ement and 651 nodesin
themodel. Displacement boundary condition isap-
plied on theram. Ram isgiven adisplacement of 20
mm. Interaction of billet and dieisaccounted through
contact algorithms of the software. Finite element
simulationiscarried out inincremental manner in 50
steps. Mesh distortion isautomatically taken care of
by thein built mesh adaptivity algorithmin the soft-
ware Simulation resultsfor thethreedies, considering
different material parameter aregiveninTABLE 1, 2
and 3.
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TABLE 1: Stress, strain & load for 30° die.

S. n Friction Effective stress Plastic L oad
S Friction Effectivesztress Plastic  Load NO coulomb  (N/mm?  strain  (N)
NO coulomb (N/mm?°) strain (N)

13 600 0.1 0.15 837 5329 1.19E+07
1 500 01 0.1 558.6 2.438 7.27E+06
) 500015 01 o >80 7a0es0s 14 600015 015 781.8  4.949 1.21E+07
3 500 02 01 657 1 o450 7375405 15 600 0.2 0.15 861.6 4553 1.26E+07
4 500 0.1 0.15 615 3.088 9.93E+06 16 600 0.1 0.2 810.1 6.724 1.50E+07
5 500015 0.15 648.1 3.098 9.85E+06 17 600 0.15 0.2 912.8 6.853 1.53E+07
6 500 02 015 677.8 3.182 101E+07 18 600 0.2 0.2 955.9 6.869 1.67E+07
75000102 644 6.172 1L22B+07 19 700 01 01 874 4368 1.09E+07
2 :88 061; 8‘2 6;3;2 :'223 122;8; 20 700015 0.1 9231  3.889 1.12E+07
10 600 0.1 0.1 67226 2433 872E+06 2L (0 02 01 1125 3.858 1.15E+07
11 600015 01 a3 o b 434 sesEr0g 22 70001 0.5 913.9 5372 1.42E+07
12 600 02 01 149.8 2393 Bo0E+0s 23 7000.15 0.5 965.8  4.956 1.49E+07
13 600 0.1 0.15 749.9 3.119 1.19e+07 24 700 0.2 0.5 1058 4.659 1.57E+07
14 6000.15 0.15 789.7 2979 1.19E+07 25 700 0.1 0.2 930.9 712 1.92E+07
15 600 02 0.15 8415 3168 1.23E+07 26 7000.15 0.2 995 7.096 2.19E+07
16 600 0.1 0.2 754.8 6.037 1.51E+07 TABLE 3: Sress, srain & load for 60 die.
17 600015 0.2 863.8 5886 170807 — —
18 600 02 0.2 875.2 5615 L57E+07 Uk n o B S a0
19 700 01 0.1 812.6 2.447 1.03E+07
20 700015 0.1 883.3 238 104E+07 L o001 0l 7358 5.953 7.88E+06
21 700 0.2 0.1 886.5 243 1.06E+07 2 500 0.15 0.1 708.9 5.764 8.32E+06
22 700 0.1 0.15 872.4 3.054 1.38E+07 o o002 0l 1757 4.507 8.81E+06
23 7000.15 0.15 946.2 3072 143e+07 4 5001 015 7119 5627 9.90E+06
24 700 0.2 0.15 969 3.056 1.43E+07 5 500 0.15 0.15 718.1 5.376 9.67E+06
o5 700 01 02 890.9 o 178E+07 6 50002 015 924.8 5935 0.70E+06
26 700015 0.2 9566 5726 1.96E+07 | 20001 02 6722 806 9.51E+06
7 700 02 00 1005 c1a 1oaE+o7 8 500015 02 888.1 8.776 1.05E+07

9 600 01 0.1 759 527 9.90E+06

TABLE2: Stress, strain & load for 45° die. 10 600 0.15 0.1 854.7 4588 1.02E+07

S. Friction Effective stress Plastic L oad 11 600 0.2 0.1 828.1 5.835 1.04E+07
NO coulomb  (N/mm?)  strain  (N) 12 600 01 0.5 730.2 5614 1.21E+07
1 500 01 0.1 688.7 4292 755E+06 13 600 0.15 0.15 8427 5743 1.20E+07
2 500015 0.1 688.1 4386 7.58E+06 14 600 01 0.2 9725 7778 1.27E+07
3 500 02 0.1 735.6 4032 800E+06 15 6000.15 0.2 844.1 6.784 151E+07
4 500 0.1 0.5 6715 5371 955E+06 16 600 0.2 0.2 1082 7602 1.48E+07
5 500015 0.15 726.1 4.997 9.74E+06 17 700 01 0.1 9177 5076 1.16E+07
6 500 02 0.15 718.6 4653 1.04E+07 18 700015 0.1 1113 4542 1.22E407
7 500 0.1 0.2 689.1 6.747 1.17E+07 19 700 0.2 0.1 1127 5.031 1.30E+07
8 500015 0.2 769.1 714 127E+07 20 700 01  0.15 1084 5984 1.44E+07
9 500 0.2 0.2 835.2 6.586 1.23E+07 21 700 0.2 0.15 1040 5.678 1.53E+07
10 600 0.1 0.1 707.9 4.264 9.19E+06 22 700 0.1 0.2 911.6 7.274 1.85E+07
11 600015 0.1 761.2 4221 948E+06 23 7000.15 0.2 1224 7639 1.91E+07
12 600 02 0.1 824.5 3.015 9.O2E+06 24 700 02 0.2 1145 7723 2.03E+07
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Figure2: FE mesh generation.

RESULT & DISCUSSION

Simulationresultscan becritically analysed under
following heeds.

Effectivestressdistribution

A typica gresscontour isshowninFigure 3. Maxi-
mum stressisashigh as913 M Pa. Stressvrsfriction
plot for different K and dieangleare shownin Figure
4-6. It can be observed that stressincreaseswithin-
creaseinnvaue. For constant K, nand friction, stress
increaseswithincreaseindieangle. Stressasoincreases
withincreaseinfrictionfor dl the cases. Rate of change
of stresswith respect to frictionishighest for higher n
vauefor al dieangles. For congtant nandfriction, stress
increaseswithincreasein K vauefor dl dieangles.

Figure3: Effectivestresscontour (M Pa).
Plasticstrain distribution

A typical plastic strain contour isshownin Figure
7. It can be observed that strain can beashighas 7.
Strainvrsfriction plot for different K and dieangleare
showninFigure8-10. Strainincreaseswithincreasein
frictionfor dl K, nand dieangle. Strainincreaseswith
increasein K for al other parameters. Rate of change
of plastic strain decreaseswithincreaseindieanglefor
al K, nandfriction conditions. Plastic Strainisnot af-

fected by nfor all thefriction and K valuesin lower

angleddies.
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A typicd load curveof theextruded rodisshownin
Figure11. It can be observed that quitelargeload (14.2
MN) isrequiredintheextrusion process. Load vrsfric-

tionplot for different K and dieangleareshownin Fig-
ure12-14. For different K, nandfriction, extrusonload

Plasic strain

decreaseswithincreasein dieangle. For congtant n, fric-
tionand dieangle, extrusionload increaseswithincrease
inK value. Rate of change of load decreaseswithin-

creaseindieanglefor al K vaues. Frictionload incre-
ment, moreor less, followslinear trend for dl K, nand
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Figure10: Plasticstrain vrsfriction (K =700 M Pa); (a) 6
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CONCLUSIONS

Inthisstudy, effects of processing parameterson
rod extrusonarestudied usingfinited ement smulation
results. Seventy seven cases cons dering various geo-
metrica, materid andfriction parametersares mulated.
Effectsof theseparametersarecriticdly andyzedinterm
of stress, strain and extrusion load. Stressand strain
would hdpinqudity control and load assessment would
helpin controlling energy requirement. Thesefindings
will assist thedesign engineersin efficient design of ex-
trusion process.
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