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Elasto-Plastic Finite Element Analysis of Strip Curvature and Internal Stress Imparted

by Roller Leveler
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Synopsis :

An elasto-plastic finite element analysis has been performed to estimate the curvature
and internal stress of a cold rolled steel strip, passing through a roller leveler. In the
analysis, plane strain assumption was adopted. Strip regions were divided into finite
element meshes in longitudinal and thickness directions and non-steady boundary
conditions were applied. Thus, there was established a simulation model for calculating,
the process of levelling, while judging, the contact of a steel strip with rolls. The effects
of leveller rolling conditions on curvature and residual stress were studied. Results
calculated with this model are as follows: In case that tension is relatively low, the effect
of tension on strip curvature is relatively large. The bow of a sheet was reduced by
decreasing the diameters of leveler rolls. Residual stress was reduced by increasing the

number of leveler rolls.
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Elasto-Plastic Finite Element Analysis
of Strip Curvature and Internal Stress Imparted by Roller Leveler
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An elasto-plastic finite element analysis has been performed to estimate the curvature and internal stress of a cold rolled
steel strip, passing through a roller leveler. In the analysis, plane strain assumption was adopted. Strip regions were
divided into finite element meshes in longitudinal and thickness directions and non-steady boundary conditions were
applied. Thus, there was established a simulation model for calculating, the process of levelling, while judging, the contact
of a steel strip with rolls. The effects of leveller rolling conditions on curvature and residual stress were studied. Results
calculated with this model are as follows: In case that tension is relatively low, the effect of tension on strip curvature is
relatively large. The bow of a sheet was reduced by decreasing the diameters of leveler rolls. Residual stress was reduced

by increasing the number of leveler rolls.
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Table 1 Overview of FE analysis model

4-node plane strain
selective reduced
integration
Non-steady
static implicit scheme

Element type

Time integration

Return mapping Mean normal method
Roll Rigid

Friction between
strip and rolls

Negligible
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Fig. 1 Mean normal method
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Start

| Estimate position of nodes at the end of the step I
1

l Assume contact status according to estimated position of nodes]

ISet boundary conditions (enforced displacement + sliding direction_)]
1

L Generate rigidity matrices ]
I
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L Calculate stress by mean normal method ]

[ Calculate displacement of nodes
I

Residual force = 0?

Modify contact status

- Position . . . Penetration of node into roll
.Force ... Tensile nodal force

Fig. 2 Analysis flow for 1 step calculation
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Fig. 3 Boundary conditions for contact analysis
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Table 2 Conditions of case 1

Thickness of strip (mm) 0.19
Yield stress of strip (MPa) 420
Work hardening coefficient of strip (MPa) 700
Roll diameter (mm) 45
Half roll pitch (mm) 35
Number of rolls 5
Tension (MPa) 0~30
Intermesh (mm) 0~9
ﬁ ~

Strip
Tension T / O Q

Work roll
/

4 N

?ﬁp Intermesh A’
Tension T * ‘
-

Fig. 4 Boundary conditions (case 1)
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Fig. 5 Relationship between intermesh and curvature (case 1)
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Fig. 6 Elastic beam model
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Fig. 7 Relationship between tension and ratio of curvature and

intermesh under elastic deformation (case 1)
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Table 3 Conditions of case 2

Thickness of strip (mm) 0.19
Yield stress of strip (MPa) 420
Work hardening coefficient of strip (MPa) 700
Roli diameter (mm) 45
Half roll pitch (mm) 35
Number of rolls 8
Forward tension (MPa) 20
Intermesh (entry/exit) (mm) 5/3
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r N Table 4 Contact point at each roll
Add tension )____QCPOQOQU_’E&S'OH
) Contact roll Distance (mm) Direction
- #1 2.58 Exit
- ~ #2 -0.67 Entry
# i
Increase intermesh "__J(JCDOO(J()O_'_> 3 L7 Entry
TR I #4 -1.18 Entry
N - #5 -1.37 Entry
e ~N #6 -0.77 Entry
Move strip along longitudinal ?’._OOOOOOOO_____, #7 -0.85 Entry
direction #8 -1.75 Entry
\_ J
Fig. 8 Boundary conditions (case 2)
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Fig. 9 Chart of curvature (case 2)
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Fig. 12 Calculated curvature value in leveling process
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