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ABSTRACT

This paper presents the simulation of shape rolihdrsection using DEFORM software. The materg@lAA
2024. Four-pass shape rolling was adopted to obtaection. The flow stress and strain were withie limits of
allowable stress and strain of AA2024 material.sThaper provides the reference for the numerigaulsition and

application of cold rolled I- section beams.
KEYWORDS: Simulation; Shape Rolling, I-Section Beam, Fous R DEFORM
INTRODUCTION

Chennakesava (2012) evaluated of local thinningnduzup drawing of gas cylinder steel using isoicapiteria
using finite element method. Chennakesava (200@)Jarad finite element analysis for reverse supatjalow forming
of Ti-Al-4V alloy. He optimized the thickness vatitan using ABAQUS. Boljanovic et al (2009) studi#ae shape rolling
process where structural shapes were passed throlligis to deform the workpiece to a desired shapie maintaining
a constant cross-section. Structural shapes timbeaolled include: I-beams, H-beams, T-beamsgbhts, angle iron,
channels, bar stock, and railroad rails. The rolisn the part to a specific shape. Shape rollinthés most economical,
cost —competitive process to follow for a given pmment. Shape rolling cannot be done in one passhliiple passes
are required to get final shape. Most shape roilvglves passing the material through severalgmddany researchers
of the cold roll forming process have investigatednputer-aided design or numerical simulation ef ¢bld roll forming
process in order to manufacture products whilegasing the productivity and maintaining the accyeicthe resulting
products [Kiuch et al (1986); Onoda et al (198%pDBal (1996)]. The mesh generation and remeshia@tdgher degree
of complexity in case of 3D finite element methaghiation. Early attempts to perform 3D Fem simiolias of different
processes were using a mesh with brick elementsljtzest al (1996); Wu et al (1990)]. However, whilne mesh was too
distorted to continue the simulation it was necgssa remesh manually the deformed billet. Thisgaedure is time

consuming and error prone.

Therefore, the application for 3D problems is stitit widely used in industry because it is not gisvaost
effective and requires considerable engineering @mdputation time. In massive forming, simulation2® problems,
e.g. axisymmetric and plane or near-plane straitruly state of the art. The present work involtresfinite simulation of

shape rolling of I-shaped structural componentgi§iE FROM-2D.
YIELDING UNDER PLANE STRAIN CONDITIONS

The true stress-strain curve is called a flow clygeause it gives the stress required to causmétal to flow

plastically to any given strain.
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og=Ke"

(1)

wherek is the stress at= 1.0 andh, the strain hardening exponent.

For plain strain conditions as shown in figuredd, = 0. If there is no volume changds;; = -des, assuming no
elastic deformation. The deformation is pure shaein. Therefore, yielding occurs in plain strainthe critical shear

stress. Plane strain is applicable to rolling, drawand forging where flow in a particular directits constrained by the
geometry of the machinery.
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Figure 1: Yielding Under Plain Strain Conditions

Applying Tresca criterion,
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whereK = shear yield stress amgl = uniaxial yield stress.

Applying von Mise’s criterion,

(o ‘02)2+(02‘03)2+(03-01)2=20;2/ )
K2+K?+4K? =207

2K = 115470

.. (4)
whereay, o, o3 are principal stresses,,x maximum shear stress, asidyield stress.

Therefore, if the problem is of plane strain, thesta yield criterion and the von Mises yield ciite have the

same result expressed in termoft is unnecessary to specify which criterion yggdvided the use df.
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Figure 2: Rolling Process for I-Shaped Structural @mponent
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METHODOLOGY

37

Finite element simulation can be utilized to analpzlk metal forming process that can be repreddniea plane

strain or axis-symmetric deformation. The presewrkwinvolves the finite simulation of shape rollirgf I-shaped

structural component. The rolling process for lpghstructural component is shown in figure 2. T$ismodeled as plain

strain deformation using DEFROM-2D. The materia?@24-T4. The chemical composition of AA 2024 aloar alloy

is given in table 1. The mechanical properties 8f 2024 are given in table 2. The initial geometfyupper roller, lower

roller, left roller, right roller, and workpieceeagiven tables 3-7.

Table 1: Chemical Composition of AA2024
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Table 3: Initial Geometry of Upper Roller

S.No.| X Y R
1 0 2.95 0
2 14| 295 0
3 16| 275 0
4 16| 235 0
5 19| 235 0
6 21| 275 0
7 23| 275 0
8 25| 235 01
9 32| 235 01
10 34| 275 0
11 36| 275 0
12 3.8| 235 0
13 41| 235 0
14 43| 2.95 0
15 57| 2.95 0

Component | Cu | Mg | Mn Fe Cr Si Ti Zn Al
Max | Max Max Max Max
0
Wt.% 40| 14| 04 05 01 05 015 0.25 Balance
Table 2: Mechanical Properties of AA2024
S. No. Property value | Unit |
1 Ultimate tensile strength 469 MPa
2 Yield strength 324 MPa
3 Shear strength 283 MPa
4 Elongation 10 %
5 Hardness 120 BHN
6 Poisson’s ratio 0.33
7 Elastic modulus 73.1 GPa
8 Shear modulus 28 GPg
9 Strain hardening component 0.17
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Table 4: Initial Geometry of Lower Roller

10 21| 07
11 19| 1.2
12 16| 1.2
13 16| 0.7
14 14| 05
15 0 0.5

S.No.| X Y R
1 57| 05 0
2 43| 05 0
3 41| 1.2 0
4 38| 1.2 0
5 36| 0.7 0
6 34| 0.7 0
7 32| 1.2] 01
8 25| 12| 01
9 23| 0.7 0

0
0
0
0
0
0

Table 5: Initial Geometry of Right Roller

S. No. X Y R
1 534| 237 O
2 314 237] O
3 304| 187 O
4 314 137] O
5 334| 137] O

Table 6: Initial Geometry of Left Roller

S.No. X Y R
1 -0.28 | 1.3€ | O
2 128 | 13€| O
3 1.3¢ | 18¢ | O
4 128 | 23¢ | O
5 1.3¢ | 23¢ | O

Table 7: Initial Geometry of Work piece

S.No. X Y R
1 228 1 12C | 0O
2 314 1 12C | O
3 32 ] 12C | 0O
4 345 |1 12C | O
5 345 | 235 | O
6 3.2% | 235 | O
7 314 | 235 | O
8 257 | 235 | O
9 248 | 235 | O
1C 228 | 235 | O
11 228 1 12C ] 0O

Initial settings before going to the simulatioe:ar
»  Speed for rollers: 0.1 mm/s
* Mesh generation: 200 nodes for workpiece and 40@efmaining 3 objects.

 Tolerance: 0.001

Impact Factor (JCC): 5.3403 Index Copernicus Value (ICV): 3.0
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Figure 3: Initial Setups of Upper Roller, Lower Roler, and Work piece

Automatic mesh generation was used to mesh alctdhj€ontinuous simulation of four passes was tgethe
present work. The initial setups for upper rolleryer roller and workpiece used for simulation ofiking I-section are
shown in figure 3. After initial settings were coleied, the simulation runs were conducted to potes work. While
simulating the upper roller had translation movetrmgmwnwards with a speed of 1mm/s and the lowderdiad the
translation movement upwards with a speed of 1mifife deformed shape after first pass is shown dgaré 4a.
For second pass setup for simulation left and righérs are introduced as shown in figure 4b. Bgrsimulation right
roller moves leftward with a speed of 1mm/s and fefler moves rightward with a speed of 1mm/s. &ippnd lower

rollers remain same. The deformed shape after sggass is shown in figure 5a.

(a) (b)

Figure 4: Simulation of Shape Rolling (a) Deformatin after First Pass & (b) Setup for Second Pass

Figure 5: Simulation of Shape Rolling (a) Deformatn after Second Pass & (b) Setup for Third Pass

www.tjprc.org editor@tjp.org



40 A. Chennakesava Reddy

Figure 6: Simulation of Shape Rolling (a) Deformatin after Third Pass & (b) After Fourth Pass

To achieve the desired shape of the product th&imgredges of the rollers are straightened as shoviigure
5b. The deformation shape after third pass is shiowfigure 6a. This will be the setup for the firfalrth pass. In this
setup the position of upper and lower rollers iarded and they interfere with left and right ralefhe desire shape is

obtained after fourth pass as shown in figure 6b.
RESULTS AND DISCUSSIONS

The results and discussion include the stressessimaihs during different passes, metal flow durdifferent

passes, rolling force, and flow stress with vaoiattrain.
Strain and Stress Induced During Different Passesf@&hape Rolling

The effective strain and stress after first passsaown in figure 7. It is quite clear that the mection area of the
flange and web experiences highest strain duritiopngo The maximum strain is 2.19 as shown in fggdia. Figure 7b is
the stress contour in the pressing direction ofeugnd lower rollers during the rolling process,ickhshows that the

highest stress is located in the connection ardélamde and web during rolling. The maximum striss389.17 MPa due to

stress concentration at the corner connecting @amgl web.

(a)

Figure 7: Effective Strain and Stress after First Rss (a) Stress and (b) Strain
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(a)

| g ‘

Figure 8: Effective Strain and Stress after SeconBass (a) Stress and (b) Strain

The effective strain and stress after second passteown in figure 8. For second pass the rigHerahoves
leftward and left roller moves rightward. The rodi force was applied through flanges. The maximtrairsof 1.89 was
moved away from corner into the web region neaneoof flange and web as shown in figure 6a. Figlrés the stress
contour in the pressing direction of left and rigbllers during the rolling process, which showattthe highest stress is
located in the web region near to the corner. Thgimum stress is 368.68 MPa due to stress contientrat the corner

connecting flange and web. The strain and strehgced due to left and right rollers are less thseé induced owing to

upper and lower rollers.

(a) | (b)

|

Figure 9: Effective Strain and Stress after Third Riss (a) Stress and (b) Strain

(a) g :' {b)

adElnl

FETAT

15§

Figure 10: Effective Strain and Stress after FourthPass (a) Stress and (b) Strain
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The effective strain and stress after third pass slrown in figure 9. For third pass all the rolleneve
simultaneously. The maximum strain was 0.681 aprchtaximum stress is 365.32 MPa. During this passtaightening
of flange and web takes place simultaneously iticarand horizontal directions. Because of thisightening process,
the induced stress and strain are less as comfiesednd second passes. The effective strain &edssafter fourth pass
are shown in figure 10. The straightening of flargel web and final shape of I-section is achiewvethis fourth pass.

The stress and strain are found to be equal td fgass.
Metal Flow during Different Passes of Shape Rolling

During the rolling of the H-beam, the status of ahéiow in different parts determines final shapel @alimension
of the product. Figure 11a shows the metal flowirdufirst pass. The displacement vector represietsnetal flow in the
flange stretching direction during rolling. It che accomplished that the outer side of the flahgesf toward top of the
flange and the inner side of the flange flows talvdre corner area of flange and web. Figure 11llwstibe metal flow
during third pass. The displacement vector reptestiie metal flow the top of the flange. The sarhenmmenon was
observed during second pass also. Figure 12 shwusi¢tal flow in the final pass. The displacemesdtor of metal flow
shows that the vertical rollers obstruct the métak. The hindrance from the vertical roller leaisthe reduction of
forward slip zone, and the extension of backwaig Bbne. The horizontal rollers promote metal fltwstraighten the
flange.

(a) (6)
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Figure 11: Metal flow during (a) First Pass and (b)Third Pass
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Figure 12: Metal Flow during Final Pass
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Rolling Force

Figure 13 is the rolling force against at everytans of rolling process. It is observed that whiea workpiece
gets into the stable stage of rolling process,rttkng force is relatively steady. Figure 14 shothe variation of flow
stress with strain. The curve represents the natuptastic material with elastic region. The mauim stress induced in
the material is lesser than allowable stress 390PR®. The maximum strain is 2.0 which is greatertti.89. The results
obtained by simulation in comparison with matedhéracteristic values are less and within limitengk, the design is

safe. The simulation method gives good descriptibthe processes and can be extended as a foumadtfandamental
study or further research.
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Figure 13: Variation of Rolling Force with Time
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Figure 14: Variation of Flow Stress with Strain

CONCLUSIONS

The present work simulated the rolling processdction beam, and studied the metal flow and thesstand
strain field using DEFORM software. The maximunest and strain induced in the material were resedet389.17
MPa and 1.89 which were lesser than the materalacteristic values. The stresses and strains éatidaring first pass

are higher than during other passes. The resubigide reliable references for the equipment cherkind the process
design.
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