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Asymmetric Rolling as Means of Texture and Ridging Control
and Grain Refinement
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Research Institute of Advanced Materials and School of Materials Science and
Engineering, Seoul National University

Abstract

Asymmetric rolling, in which the circumferential velocities of the upper and lower roils are different, can
give rise to intense plastic shear strains and in turn shear deformation textures through the sheet thickness. The
ideal shear deformation texture of fcc metals can be approximated by the <111> // ND and {001}<110>
orientations, among which the former improves the deep drawability. The ideal shear deformation texture for bee
metals can be approximated by the Goss {110}<001> and {112}<111> orientations, among which the former
improves the magnetic permeability along the <100> directions and is the prime orientation in grain oriented
silicon steels. The intense shear strains can result in the grain refinement and hence improve mechanical
properties. Steel sheets, especially ferritic stainless steel sheets, and aluminum alloy sheets may exhibit an
undesirable surface roughening known as ridging or roping, when elongated along RD and TD, respectively. The
ridging or roping is caused by differently oriented colonies, which are resulted from the <100> oriented
columnar structure in ingots or billets, especially for ferritic stainless steels, that is not easily destroyed by the
conventional rolling. The breakdown of columnar structure and the grain refinement can be achieved by
asymmetric rolling, resulting in a decrease in the ridging problem.
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Fig.1 Asymmetric rolling methods. (a) Different roll radii at same rotation rate, (b) different
rotationratesatsamerollradii, (c)singlerolldrive.

]

[
W

|
i
]
]
]

u
i
!

-

®) @

Fig.2 Calculateddeformedmeshesofsteelsheetsrolled (a) symmetrically, (b)asymmetrically at
roll radius ratio of 1.5, (c) asymmetrically at roll rotation-rate ratio of 1.5 and (d) by single roll
drive. Rolling reduction of 50% and friction coefficient of 0.3 were used in calculation. Roll sizein
symmetricandsinglerolldriverollingissameaslowerrollsizeinasymmetricrolling [6].
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Fig.30DFs(¢92=45°) of IF steel sheetsrolledto0.8mmby 70% with about 20% perpassatrollradius
ratioof 1.5 (upperrolldia.20cm, lowerrolldia.13 cm)at700°C.NDandRDindicatethatsuccessive
rolling directions were rotated through 180° about ND and RD axes, respectively. s=1, 0, -1
indicateuppersurface,center,lowersurfacelayersreferredtoinitialspecimen[6].

Fig. 4 Shear directions (arrows) in asymmetric rolling. In UD rolling, successive RD is not
changed, whereasin TD,RD, and NDrolling, sheetis rotated through 180° about TD (transverse
direction), RD, and ND axes, respectively, each pass. Dark surfaceis initially lower surface. Left
andrightfiguresshow sheardirectionsbefore (left) andafter (right)eachrolling pass.
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Fig.5 Measured(111)polefiguresofaluminumsheetsasymmetricallyrolledby50% atrollradius
ratiosof(a)1.25,(b)1.5,and(c)2[3].
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Fig. 6 Calculated (111) pole figures of aluminum sheets asymmetrically rolled by 50% at roll
radiusratioof(a)1.25,(b)1.5,and (c)2[3].
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Fig.7 StableorientationsrotatedfromDillamoreorientationsD1andD2about TDasafunctionof
a(=e;3/ e )forfcccrystal[3].
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Fig.8 (111)pole figures of AA1050Al sheets asymmetrically rolled (roll dia. 30 cm, upper roll 45
rpm, lowerroll 23rpm) by 66% in 8 passes, followed by 180° rotation about ND axis and thenrolled
by (leftfigure)24, (center)19,and (right)13%inonepass[11].
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Fig.9 Schematicillustrationofdislocations withsingleBurgersvectorgeneratedby slipsystems
withsingleslipdirection[4].

15



lower

center

upper

misorientation

misorientation

misorientation

Fig.10 (a)TEMmicrographsof AA1050 Alsheetasymmetricallyrolledby91%in12passesatroll

Fig.4) atroom temperature, (b) EBSD analyses of sheet of
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Fig.11 CPFEM calculated shape of specimen consisting of usual ¥—fiber oriented matrix and
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