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Characteristics of Steel Plates Rolled with Shear Deformation

Hiroshi NAKANMA, Teruo Y AMASHITA, Tadanobu INOUE, Shiro TORIZUKA, Toshihiro HANAMURA and Kotobu NAGAI

Synopsis : The mechanical properties of the plates rolled with shear deformation are compared with those of conventionally rolled plates. The pair cross
rolling is employed to introduce uniform shear strain through the plate thickness. The introduced shear strain and the equivalent strain are
evaluated from both experimental and numerical analyses. A 12 mm thick plate with a fine ferrite grain under 2 ym is produced using the pair

cross rolling mill, and tensile and the sharpy impact tests are carried out. The interesting effect of the shear deformation is discussed from the
viewpoint of the tensile strength and the energy transition temperature. The result shows that the addition of shear deformation can become
an effective method for improving the strength and the energy transition temperature of steel plates.
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Fig. 1. Schematic illustration of different épeed rolling.
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Fig. 2. Schematic illustration of asymmetric rolling.
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Fig. 3. Schematic illustration of cross rolling.
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Mill type : Pair-Cross 4 high mill
Work roll : ¢ 260mm X/ 610mm
Back up roll : ¢ 580mm X/ 610mm
Maximum rolling force:150ton
Main drive motor : DC300kW

Maximum rolling speed:100m/min

Cross angle : 0 to 1.5°

Fig. 4. Pair cross rolling mill used and its specification.
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6t pass : 853K(16—12)
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Fig. 5. Thermomechanical treatment diagram.
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Fig. 6. Appearance of rolled plate on y—z plane for cross
angle (a) 0 degrees and (b) 1.5 degrees.
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Fig. 7. (a) Sample before rolling and (b) gradient of slit on
y-z plane after cross rolling of 1.5 degrees.
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Fig. 8. Compressive strain, shear strain and equivalent
strain introduced rolled plate on y—z plane.
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Fig. 9. Plastic strain distributions through plate thickness

on the z=0 in cases of (a) cross angle 0 degrees
and (b) cross angle 1.5 degrees.
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Fig. 11. Stress—strain curves of rolled plate.

{BE5>TVBEA, N 6=00DFH A KE,

—HREIS, SREE LSRR ISR S L dhT
B, 7uXAE=0°1TNR0=15°D & & DR M
Il >TWAIZENELLND, Figl2id, EEMD xy
Wi = 35 ) B AREH L ER 7 DM EE D il %R, &
X, 7294 b, )85=54 b, EXVEAL Mk THER
Eh, FEAFENZHIELZT7 254 bRiEhk T3,
Fig.12(b), () D SEMEE2LHHIE &N’z T7 = T 1 b DAFR
RRIZ 0=00D L X 1.8 um, 0=1.5°D L E1.5umTdH -7z,
Thbb, BAMNSOEHT7 =254 bREd,H/NEL
BoTWBR, EidbFH»THD, Figll TnL7-513ER
BREREOMESKRICE T b &hizEnW3 Z i3S
BDEERFER 21T 2 S I3METE &,

I b EERMU L RREOBRIZXT 5 AN 5O
B, SHREANT BRI & > TRIEED R & 2§k % Al

CBIL, KfROT AR b, BAEMBOREBLEAED T

285 I



286

$k &4 Tetsu-to-Hagané Vol. 89 (2003) No. 2

Fig. 12. Microstructures at center of plate thickness on x—y cross section after rolling in cross of (a) and (b) cross angle 0 degrees

and (c) and (d) cross angle 1.5 degrees.
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Fig. 13. Relationship between the charpy absorbed energy

and the temperature.
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Fig. 14. Fracture surface of charpy impact test piece for
each temperature. 7 denotes temperature and E
charpy absorved energy.
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