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Analysis of Longitudinal Buckling in Temper Rolling

Kazutake KOMORI

Synopsis : In temper rolling, shape defect called “longitudinal buckling” sometimes appears, which is wrinkles like washboards. The direction of the
crest line of the longitudinal buckling is parallel to the rolling direction. In this study, the analysis of the longitudinal buckling is performed
using the elementary theory of buckling. First, we calculate the material-roll contact ratio by the Hertz’s formulae. Next, we calculate the
stress distribution in the material at the roll gap using the punch pressure in indentation by Prandtl. Furthermore, we calculate the wavelength
of the longitudinal buckling by the elementary theory of buckling. We find that the wavelength of the longitudinal buckling calculated from
the analysis almost agrees with the wavelength of the longitudinal buckling in the literature obtained in the experiment. We conclude that the
method of analysis is valid, and that the cause of the longitudinal buckling is the surface roughness of the roll.
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Fig. 1. Cross buckling and longitudinal buckling. (a)
Cross buckling, (b) longitudinal buckling.
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Fig. 2. Coordinates and notations in temper rolling.
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Fig. 3. Flowchart of analysis.
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(a) Before deformation

(b) After deformation

Fig. 4. Contact surface between material and lower roll. (a) Before deformation, (b) after deformation.
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Fig. 5. Stress and strain at inside of material.
vE
c,=0,= g, e (1)
A+wv)1-2v)
AV e (12)

Z:—VEZ
1+ v)1—2v)

ZZT, ARG EERT S, 12)X%E (ADRIRA
T, XA ELNSD,

Fig. SISHMBIAESRDIS )1 & 0§ A% RT, PrandtliZ & 5
RY FOMALDR N I UL, VWHERBOE X 13K
FOBDKT1% TH 5, Lizd->T, BUERBOE X
EMEIDOE X IR THA/NEND, 22T, Mt&mE»
S+ B - EEIC B IR, (9)RKEV 3R
xR ThHAZBENB,

2-4 MEEO-LOEMEX
JEZEF AN 5 2 M & v — L OEME & i3, 14K
EFRHOCTRARTE 2605,

P P

o, aC+nk

z

Xo

ZZT, PRIHAMRIES 720D DEEMETH S, T4b
b, SN b 2D IRSI(0,, 0,, ) B —ETh 3 LIRE
T35, ZOREBEH»HEDKBETHS, L LEssXRET
AT &S, BIEOVIFEMMEE TR TS 2012
F, —BRBIETREBDBETH S, 22T, ZORELEF
H¥5,



Rolling direction

Fig. 6. Model of cross buckling.
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Fig. 7. Plate for buckling analysis and boundary condi-
tions.
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Fig. 8. Plastic deformation region. (a) #/2y,=8.74, (b) #/2y,
=8.74.
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Table 1. Analytical conditions.

@ | ® | ©
Young’s modulus E (GPa) 200 | 200 | 200
Poisson’s ratio V 0.3 0.3 0.3
Yield stress 3k (MPa) 650 | 650 | 650
Material thickness ¢ (mm) 0.16 | 0.16 | 0.16
Roll foree per unit width P (kN/mm ) 1.67 | 333 | 6.66
Arithmetical mean deviation of roughness profile Ra (um) 1.10 | 1.10 | 1.10
Mean width of roughness profile elements RSm (um) 100 | 100 | 100
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Fig. 9. Buckled shape. (a) P=1.67kN/mm, (b) P=3.33
kN/mm, (¢) P=6.66 KN/mm.
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Fig. 10. Relationship between surface roughness and ratio of material thickness to contact width. (a) Effect of arithmetical mean
deviation of roughness profile, (b) effect of mean width of roughness profile elements.
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Fig. 11. Effect of arithmetical mean deviation of roughness profile on wavelength of longitudinal buckling. (a) Effect of mean
width of roughness profile elements (P=2 kN/mm), (b) effect of roll force (RSm=50 um).
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Fig. 12. Effect of mean width of roughness profile elements on wavelength of longitudinal buckling, (a) Effect of arithmetical
mean deviation of roughness profile (P=2 kN/mm), (b) effect of roll force (Ra=1 um).
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Fig. 14. Simulation result. (a) Equivalent plastic strain £ (X 10°), (b) normal stress in width direction g, (MPa), (c) stress on z=0.
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