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Prediction of spring-back behavior in high strength low carbon steel sheet
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Abstract

The spring-back of polycrystalline materials has been predicted numerically using the elastic and visco-plastic crystal plasticity models. T
anisotropic plane strain moduli for texture components typical in high strength steel sheets and low carbon high strength steel sheets wére calcu
with the upper—lower bounds and elastic self-consistent model. The yield stresses of polycrystalline materials were calculated with tiswisco-ple
self-consistent polycrystal model. The influence of texture components on the spring-back was analyzed in detail. The elastic and visco-pla
self-consistent models were also used to evaluate magnitude and directionality of the spring-back angle of high strength low carbon steel st
subjected to plane strain bending.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction of single crystal steel on the spring-back behavior in plane strain
bending application. Chan and Wafg] predicted the spring-
The application of high strength interstitial free (IF) or low back behavior of polycrystalline leadframe materials by a plane
carbon steel sheets for automotive use requires the control sfress model taking into account crystallographic textures and
spring-back because of their higher yield strength to elastigrain shape. However, they did not evaluate the effect of crys-
modulus ratio. After the press forming operations, the form-tallographic texture components on the spring-back behavior.
ing parts change their shapes to achieve the equilibrium with no Inthe presentwork, first of all, the elastic stiffness tensors and
external force. Spring-back is thus an elastically driven procesanisotropic plane strain elastic modulus for the crystallographic
that adjusts internal stresses to attain zero moment and ford¢exture components typical in high strength steel sheets were
at each sheet locatidd]. It is known that the spring-back is evaluated by using the upper—lower bouf®j8] and elastic self-
affected by several material parameters and process variablemnsistent methof{B]. The visco-plastic self-consistent model
The prediction of spring-back for polycrystalline materials hag[10] was used to predict yield stress directionality for the crystal-
been conducted using the finite element metHadd]. For an  lographic texture components typical in the high strength steel
accurate simulation, it is required that the anisotropic behavsheets. The effect of the crystallographic texture components on
iors of elastic and plastic properties of polycrystalline materialshe spring-back behavior was theoretically investigated for the
should be considered in the constitutive equation. Most of theskigh strength steel sheets subjected to the plane strain bending.
studies has been used the isotropic elastic stiffness tensor aMbreover, the spring-back behavior for low carbon high strength
simple yield function in the formulation. Geng and co-workerssteel sheets was measured and compared with predicted results.
[2,3] predicted spring-back behavior more accurately by intro-
ducing rigorous yield function and kinematic hardening law. .
Polycrystalline material consists of many single crystals exhibit?- Calculation procedure
ing strong anisotropic elastic and plastic properties. Renavikar

et al.[5] investigated the effect of crystallographic orientation ~FOr the sheet metals having very large width-to-thickness
ratio, bending of the sheet metals approaches a plane strain

operation. The phenomenon of spring-back in the plane strain
* Corresponding author. Tel.: +82 61 750 3556; fax: +82 61 750 3550. bending is schematically describedAiy. 1 If we assume that
E-mail address: shihoon@sunchon.ac.kr (S.-H. Choi). sheet metals exhibit elastically isotropic and an elastic—ideally
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Assuming the stress neutral plane and strain neutral plane
are consistent, spring-back angRk{p) can be expressed as a
function of relative spring-back as folloW$3]:
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whereg, andg; are bending angle before and after spring-back,
respectively.
Fig. 1. Schematic diagram of spring-back in plane strain bending. For a given bending angle and radius of curvature before
spring-back, the spring-back angle is a function of anisotropic
plastic (i.e. non-strain hardening) behavior, the amount of relplane strain elastic modulus and yield stress in plane strain, at
ative spring-back of sheet metals having a thicknesan be  a specific direction from the RD. To minimize the spring-back
calculated from the following equatida]: angle, a polycrystalline sheet exhibiting a low yield stress in
1 1 300 1 30, plane strain a_md a high plane str_ai_n glastic mod_ul_us atan é_ngle
—— (1) from the RD is preferable. To minimize the variation of spring-
back angle, a polycrystalline sheet exhibiting uniform elastic and
wherer, andrs are radii of curvature before and after spring- plastic properties in the plane of the sheet is preferable. To pre-
back, respectively. And, andE’ are flow stress in plane strain dict the elastic compliance tensor of polycrystalline aggregates,
and plane strain elastic modulus at the length direction, respethe upper bound (Voigt average) and lower bound (Reuss aver-
tively. The isotropic plane strain elastic modulds can be age)[7,8] were used. The Voigt and Reuss averages of elastic
calculated from the Young's modulug, and Poisson’s ratio, modulus provide upper and lower bounds on the elastic modulus
V. of polycrystal aggregates. The Voigt average assumes a uniform
Ifthe sheet metals exhibit elastically anisotropic behavior andtrain throughout polycrystal and the Reuss average assumes a
isotropic strain hardening during plane strain bending, (). uniform stress. The Voigt and Reuss polycrystal averages can be
cannot be used to calculate the amount of relative spring-back @xpressed as follows:
sheet metals. From the generalized form of Hook's[thb} and v T T T T
boundary conditions and the Ludwik relatienZ o, + K&"), the Ciju = (88 jj 8t 8 Cirjier ),

amount of relative spring-back of sheet metals can be calculat — (ol ol T T
from the following egua%ion' eﬂ?kl = 88y 8w S Si i) ©)

B=B,.‘ Br

ro 1t tEQL—1?)  E 1

where Cy;py and Sy are the elements of the elastic stiff-
1 1 891189 300(6) 6 | - - T
57 221191122 o ( ) ness and compliance tensors for the single crygtalepresents
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o If t n+2 transpose of an orientation matrix ahdmeans the arithmetic
volume average over polycrystal aggregates. It should be noted
9 522115&22 r\" /1 thatthe elastic tensors could also be represented as mti3¢es
ol R EEE Ry K <2r0> (;) This allows a corresponding compliance tensor to be calculated
for the Voigt stiffness tensor through matrix inversion. The elas-
_ 1 300(6) ( 6 ) < K > (f>” (1> tic self-consistent moddb] assumes that grains embedded in
E'(0) t n+2 E'(6) 2rg t a homogeneous equivalent medium (HEM) having the average
elastic properties of the aggregate. The embedding assumption

0 . . .in the self-consistent procedure is that the response in the vicin-
wheresS;;, is the overall elastic compliance tensor expressed in

the sample coordinate, the strain hardening exponent akd ity of the grain is adequately described by the average modulus

is the strength coefficient. Ang,(6) andE’'(9) are yield stress of the HEM, mdgpendently of.the actpal neighborhood O.f the
. ) ; : . : rain. For spherical or ellipsoidal grains, stress and strain are
in plane strain and anisotropic plane strain elastic modulus a

an angled from the rolling direction (RD), respectively. The uniform within the domain O.f the grain, and they are Ilnequy
. . . . related to the stress and strain at the boundary through the inter-
anisotropic plane strain elastic moduld$9) can be calculated

from overall elastic compliance tensdkj; expressed in the action equation as follows:
sample coordinate as folloyy8,12]: 5=—-CS:R:% (6)
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wherer is the rotation matrix that rotates around the normalwherez = ¢ — ¢, 6 = 0® — o defines the deviations in strain
direction (ND) by an anglé. and stress with respect to the average magnitddeshe fourth
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