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ABSTRACT

This study presents the deformation analysis of crystalline materials
considering three crystal structuresviz. Fe (BCC), Co(HCP) and Ni(FCC).
Deformation behaviour of these materials are model ed and analyzed using
Finite Element Method considering identical billet upsetting on Abaqus
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software. Thebillet has been meshed with CAX4RT Elements. In this study
both isotropic and anisotropic material propertieshave been considered. It
isobserved that anisotropy has dominant effect on FCC and BCC structures

as compared to HCP.

INRODUCTION

Crystal structure hasdirect bearing on the defor-
mation behaviour of metdlic materid §%. Thethreemost
common crystal structures are Body centered cubic
(BCC), Hexagonal closepacked (HCP) and Face cen-
tered cubic (FCC) (Figure 1). Axiomatic properties
whichareconsiderably influenced by crystd structures
areductility, anisotropy etc. These propertiesdirectly
influencethe deformation processing of these materi-
als. Some of the recent work dealing with material
anisotropy and reportedin literatureareasfollows:

[ proposed amethod to study large deformation
Finite Element s mulationsof anisotropic materia using
an updated Lagrangian finite element method? pro-
posed a method in which combined finite el ement
method-analytical approach has been used to study the
eladticinteraction of anaxisymmetrical loadedring plate
with transversdly i sotropic medium. Two casesof trans-
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versdly isotropic medium hasbeen considered viz. ho-
mogenousisotropic hafspaceand multilayer transversdy
isotropic halfspace proposed a method to study
thermomechanical simulation and processing of stedl,
inwhichthey devel oped aschemefor integratinggrain
growth model in phasetransition and grain distortion
calculation in plastic deformation, which enablesthe
smulation of microstructureevolutionin sted process-
ingwhen phasetransition takes placeduring rolling®l.
proposed amethod to study three-dimensional finite
element smulationsof microstructuraly small fatigue
crack growth in 7075 aluminium alloy® proposed a
simulation study on fluctuant flow stressscaleeffectin
whichthecrystd plasticity theory wasused to smulate
upsetting testsof different dimensonsandgrainszemicro
copper cylinders. Results showed that decrease of bil-
let grain quantity, flow stressfluctuation isnot always
increased’® proposed amethod to study identification
of dastic parametersof transversaly isotropicthinfilms
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Figurel: (@) BCC Sructure(b) HCPSructure(c) FCC Sructure

by combining nanoidentation and FEM andysis. Inthis
study theforward analysis CAX4R and CAX4E ele-
mentstypesof Abagusare used to stimulate the purely
mechanical indentation and piezod ectricindentation
with ass stance of substrateeffect. Theresultsshow the
transverseand longitudinad young modulusandthelon-
gitudinal shear modulusunder the piezoel ectricinden-
tation modeare closer to theexperimental valuesmea-
sured by theacoustic method than thoseunder the purely
mechanica indentation mode.

Inthisstudy linear dasticfinited ement smulation
of threecrysta structuresviz. Fe(BCC), Co(HCP) and
Ni(FCC) arecarried out for identical upsetting defor-
mation. Both isotropic and anisotropic materid prop-
ertieshavebeen considered. Based onsimulationre-
sultseffectsof anisotropic parameters of thesecrysta
structuresarecritically examined in termsof stresses
and load requirement.

MODELING PARAMTERS

Inthisstudy cylindricd billetsmadeup of threecrys-
tal structuresviz. BCC, HCPand FCC, areidentically
deformed andlinear Finitedement andysesarecarried

out cons dering i sotropi ¢ and anisotropic materia prop-
erties. Following modeling parametersare used for the
anaysispurpose:

(A). Geometricalparameters

The shape of thebilletsused for upsettingiscylin-
drical and thegeometrica parametersare;
Height =0.50 m.
Diameter=0.15m.

(B). Femodedling

Billetsaremodd ed and ana ysed us ng A bagus Soft-
ware. They are meshed with CAX4RT elements (4
nodes axisymmetric el ementswith reduced hourglass
control). Because of symmetricity, axisymmetric mod-
eling hasbeen carried out. Thenumber of el ementsare
1197 and the number of nodes are 1280. Finite Ele-
ment Model isshownin Figure 2. Bottom nodesare
freein X and fixed inY directionswhereas|eft side
nodesarefixedin X andfreein directions.Arigid
punchisused to deformthebillet. All thebilletsare
identicaly deformed to 1 mm displacement.

(C). Material parameters:
Billet materials considered are Iron, Cobalt and
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Figure2: FEMode

Nicke becausethey havedifferent crystd structuresuch
asbody centered cubic, hexagonal closed packed and
face centered cubic respectively. Both isotropic and
anisotropic properties have been considered for each
materid.

Thesimplest form of linear eadticity istheisotropic
case, andthe stress-strain relationship isgiven by

11 1/E —-v/E —v/E 0 0 0 o
Ea -v/E 1/E —v/E 0 0 0 Tas
caa \ _ | —v/E —v/E 1/E 0 0 0 Tan
e [ 0 0 0 1/G 0 0 o2
i3 0 0 0 0 1/G 0 o3
Va3 0 0 0 o o0 1/6) Loy,

Theelastic propertiesare completely defined by
givingtheYoung’s modulus, E, and the Poisson’s ratio,
1. Theshear modulus, G, can beexpressed intermsof
Eand asG = E/2(1+v) .

For anisotropic modeling Iron and Nickel aremod-
eled asorthotropic anisotropy. Linear easticityinan
orthotropic materia can bedefined by giving thenine
independent dadtic siffnessparameters, thestress-dtrain
relationsareof theform-

ap) Dyyyi Dy Duas 0 0 ( £11 3

T22 Dyzay Daoyy 0 0 0 £29 S92

T33 Daass 0 0 0 £33 ol €33
- =[D

[P Dy 0 0 Y12 (> T12

713 sym Dyzis 0 13 T3

023 Dagog 723 Y23

Cobaltismodeled astransverse ani sotropic mate-
rial. A specia subclassof orthotropy istransverseisot-
ropy, whichischaracterized by aplane of isotropy at
every pointinthemateria . Assuming the 1-2 plane to
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bethe planeof isotropy at every point, transverseisot-
ropy requires thatg, = g,=E,, 131 =32 =Vip,
V53=las =V, and ¢,= Goy=G,, where p and t
gandfor “in-plane” and “transverse,” respectively. Thus,
whiler;, hasthephysicd interpretation of the Poisson’s
ratio that characterizesthe strainin the plane of isot-
ropy resulting from stressnormal toit, »+,,; character-
izesthetransversestraininthedirection normal tothe
plane of isotropy resulting from stressin the plane of
isotropy. In generd, the quantities and are not equal
and are related by, /E, =v,,/E,. The stress-strain
lawsreduceto-

514 1/E, -p/E,  —vip/Ey 0 0 0 o1
99 —vp/Ep 1/E, v,/ Ey 0 0 0 a0
£33 \ _ | ~¥pt /Ep —Vpt ,/Ep 1/E, 0 0 0 033
ma [~ 0 0 0 1/G, 0 0 T2
Y13 0 0 0 0 1/Gy 0 a3
Yo3 0 0 0 0 0 1/G, Tay

|sotropic and anisotropic materia propertiesof Iron
aregivenin TABLE 1 and 2. Isotropic and anisotropic
materia properties of Cobalt aregivenin TABLE 3
and 4. | sotropic and anisotropic material propertiesof
Nickel aregivenin TABLE 5 and 6. These properties
aretaken fromt3.

RESULTSAND DISCUSSION

FEAnaysesresultsintermsof load and stressfor
thelron, Cobalt and Nickel considering isotropic and
anisotropic conditionsat 1 mm displacement aregiven
inTABLE 7 and 8. From thetablesit can be observed
that |oad and stressinisotropic caseismorethan aniso-
tropic casewhen crystal structureare BCC and FCC
andwhenthecrysta structureisHCPthevalueof load
and stressfor isotropic and ani sotropic casesare com-
parable. Ratio of anisotropictoisotropicload for the
these materialsare givenin TABLE 7. It can be ob-
served that anisotropy reducestheload in BCC and
FCChutit hasnegligibleinfluenced in HCP structure.
It issuggested that | oad requirement for materia defor-
mation should be calculated using actual materia pa
rameters. Stressesarealso found to be higher in case
of isotropic condition. Contour of stressesfor Iron,
Cobalt and Nickel for isotropic and anisotropic condi-
tionsareshownin Figure.3, 4 and 5. From these con-
tours, it can be observed that uniformity of stressesis
largely disturbed due to anisotropy for al the three
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materials. In order to make clear ideaabout theload TABLE 1: Isotropicmaterial propertiesof Iron (BCC)

requirement it isessentia to know how load varieswith Density Young's Modulus Poison's
displacement. Load displacement plot for theethree (kg/m®) (GPa) Ratio
material s considering i sotropic and anisotropic cases 7850 211 0.29

TABLE 2: Anisotropic material propertiesof Iron (BCC)

D1111(GPa) D1312(GPa) Dy (GPa) Dizi3(GPa) Dii33(GPa) Doy (GPA) Daysps(GPa) Dapsz (GPa) Dasss (GPa)
231.40 116.40 134.70 116.40 134.70 231.40 116.40 134.70 231.40

areshowninFigures6, 7and 8. Theseplotsasoprove  TABLE 3: Isotropicmaterial propertiesof Cobalt (HCP)

theabove statement. Although, Young’s moduli are al- Density Young's Modulus Poison's
most equdl, load required by isotropic Ironismorethan (kg/m®) (GPa) Ratio
that of isotropic Cobalt duetoits|ow Poisonsratio. 8900 209 0.31

TABLE 4: Anisotropic material propertiesof Cobalt (HCP)

Ep (El,Ez) GPa Et(E3) GPa Vp (Nulz) Vip (NU13) Vpt (NU23) Gt(Glg,ng) GPa Gp(Glz) GPa
211.30 313.15 0.49 0.22 0.15 78.30 71.00

Simulation loads, for isotropic condition, aredsocom-  TABLE5: Isotropic material propertiesof Nickel (FCC)

pared with theoretical load and aregivenin TABLE 9. Density Young's Modulus Poison's
It can be observed that both are almost same which (kg/m®) (GPa) Ratio
vaidatestheaccuracy of Smulation. Theoretica stresses 8800 200 0.31

TABLE 6: Anisotropic material propertiesof Nicke (FCC)

D1111 (GPa) D2 (GPa)  Dasss(GPa) Do (GPa)  Digis(GPa) Do (GPa) Dir (GPa)  Diiss(GPa)  Dagss (GPa)
246.50 246.50 246.50 127.40 127.40 127.40 147.30 147.30 147.30

TABLE 7: Load at 1 mm displacement

. Load(MN) Ratio of Load (MN)
Material Structure - - - -
I sotropic Case Anisotropic Case Aniso/lso
Iron BCC 15.216 9.596 0.630
Cobalt HCP 15.059 15.845 1.052
Nickel FCC 14.486 9.959 0.687
TABLE 8: Sressat 1 mm displacement
Material Sructure _ Max. Stre&(MF’a) . Ratio of .Stress(MPa)
I sotropic Case Anisotropic Case Aniso.?Pso.
Iron BCC 1038 611.9 0.589
Cobalt HCP 1021 1012 0.991
Nickel FCC 983.1 634.7 0.634
TABLE 9: Smulation and Theoretical valueof loadat 1mm  grea so compared with maximum stressesand givenin
displacement TABLE 10. It can be observed that maximum stressis
. Simulation valueof ~ Theoretical valueof  localized inasmall zone at the outer end of thebillet
Material load (MN load (MN : oo :
oad (MN) oad (MN) near punch interaction point. In other zonesof thebil-
Iron 15.216 15192 |et, stresses devel oped are almost equal to the theo-
Cobalt 15.059 15.048 retical stresses. Itisalsointeresting to observethat un-
Nickel 14.486 14.400 der isotropic condiition, ratio of maximum stresstotheo-
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TABLE 10: Simulation and Theor etical value of stressat
1mm displacement

Simulation .

value of TCZIol;gté?al Maximum

Material Maximum Sress stress/Theor etical
stress (MPa) stress

(MPa)
Iron 1038 844 1.23
Cobalt 1021 834 1.23
Nickel 983.1 800 1.23
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Figure3: Contour of stressesfor isotr opic and anisotropic

caseof Iron
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Figure4: Contour of stressesfor isotropicand anisotropic

caseof Cobalt
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Figure5: Contour of stressesfor isotropicand anisotropic

case of Nickel
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Figure6: Load displacement plot for iron (BCC)
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Figure7: Load displacement plot for cobalt (HCP)
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Figure8: Load displacement plot for nickel (FCC)

CONCLUSIONS

Following aresdient conclusionsof thisstudy-

Load inisotropic caseismorethan ani sotropic case
when themateria structureisBCC or FCC and when
themateria structureisHCPthevaueof |load for iso-
tropic and ani sotropic condition iscomparable.

Stressinisotropic caseisgreater than anisotropic
condition whenthe materia structureisBCC or FCC
and when themateria structureis HCP the value of
stressinisotropic and anisotropic conditioniscompa
rable.

Ratio of load and stressfor anisotropic toisotropic
caseismaximum for HCP and minimum for BCC.

For congtant young’s modulus reduction in Poisons
ratio reducestheload requirement.

Accurate material parametersshould be used for
ng the energy requirement in materid deforma
tion.

Load and stresses obtained from simulation are
comparablewith that of theoretical counterpart.
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