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Analysis on the Mechanism of Fluting in the Bending of Low
Carbon Steels
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Abstract

In order to investigate the cause and condition of fluting in tangential bending of low carbon steel sheet, an analytic

analysis, an experiment and a series of finite element analysis for bending process were done. The fluting in bended sheet
was related with the yield point elongation of material. Due to the yield point elongation, unstable plastic hinge was
occurred in course of bending of elastic perfectly plastic sheet. According to the analysis and computational results, lower
yield point elongation than 5% was required to prevent fluting in 0.5~0.6t sheet in 15~25mm radius bending. The
tendency of fluting occurrence was reduced as decreasing the radius of bending, increasing thickness of bended sheet, and

removing irregularity in sheet and bending processes.

Key Words: Tangential Bending, Fluting, Aging, Yield Point Elongation, Finite Element Analysis of Bending, Low
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Fig. 1 Tangential bending process
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Fig. 2 Fluted steel sheet after bending
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Fig. 3 Yield point phenomenon in stress-strain curve
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Fig. 4 Microstructure of low carbon steels after anneal-
ing, skin pass rolling and baking
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Fig. 5 Stress and strain distribution in bended sheet

and schematic illustration of fluting occurrence
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Fig. 6 Two cases of stress distribution, moment and
curvature relation in bended sheet

strain
Fig. 7 Stress and strain distribution in bended sheet
including the yield point elongation effect
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Table 1 Ratio of no hardening region in bended sheet
and fluting limit
vpEll ys | R=20,=0.5 | R=20,=0.6 | R=15t=0.5
(%) {((MPa)| a | (b-ayt a | (b-ayt a | (b-ayt
2 | 298 [0.029| 0.80 | 0.029 | 0.67 | 0.022 | 0.60
311 10.030 | 1.20 | 0.030 1.00 | 0.023 | 0.90
324 1 0.031| 1.60 | 0.031 1.33 10.024 | 1.20
337 1 0.033 ] 2.00 | 0.033 1.67 | 0.025 | 1.50
350 [ 0.034| 240 | 0.034 | 2.00 | 0.025 | 180
363 | 0.035| 2.80 | 0.035| 2.33 |0.026 | 2.10
376 | 0.036 | 3.20 | 0.036 | 2.67 | 0.027 | 2.40
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Fig. 8 Stress and strain relation used for analysis
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Fig. 9 Modeled bending specimen for simulation
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Fig.10 Deformed shape of sheet with 1.8% YPEL and
0.1% irregularity due to end rotation
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Fig.11 Relation between moment and curvature of
bending process for elastic-plastic sheet
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Fig.12 Deformed shape due to end rotation of sheet
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Fig. 13 Relation between moment and curvature of
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Table 2 Mechanical properties of two steel sheets

t | YS |YP-EI| TS |U-El| T-El
(mm) | (MPa)| (%) |MPa)| (%) | (%)

No Fuuting | RD [ 0.52| 324 | 3.9 | 380 | 20.0 | 34.9

Fluting | dir.

Occurred| RD 10.49| 336 | 6.2 | 375 | 19.5 | 33.3

@
Borgetion (%
Fig. 15 Stress-strain curve of two compared sheets
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